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AM 0002 St andard Form 30
RFP No. DACA83-02-R-0003 Page 2 of 4 Pages
[tem 14 (Conti nued)

1. CHANGES TO SPECI FI CATIONS. Attached hereto are new and revised
pages and sections to the specifications. The revision mark "(AM
0002)" is shown on each page.

A.  REVI SED PARAGRAPHS. The followi ng are revised paragraphs to the
speci fications. Changes are indicated in bold. The follow ng
are new, revised, and del eted paragraphs to the specification

Section 00100 - 52.236-27 “Site Visit - Construction (At I)”
S-36.4 “Pre-Proposal Conference”

Section 00010 - Bidding Schedul e

WATER TANKS
Section 02315 paragraph - 3. 3.
Section 03300 paragraph - 2.8

1

COLD STORAGE FACI LI TY
Project Table of Contents - Page: DIVISION 2 THRU 16-i
Subm ttal Register - Page: 1 - 32

Section 03300 - paragraphs: 2.14.1
Section 13038 - paragraphs: 1.2 and 2.1
Section 13040 - paragraphs: 1.4

Section 15070 - paragraphs: 1.4

Section 15652 - paragraphs: 1.2 and 1.2.1
Section 15895 - paragraphs: 1.4

Section 15990 - paragraphs: 1.2

Section 15995 - paragraphs: 1.1

B. NEW PAGES. The follow ng paragraphs are added to the
speci fication:

WATER TANKS
Section 03300 paragraphs - 2.3.6, 2.7, 2.9

COLD STORAGE FACI LI TY
Section 03411 - Pages 1 - 11

C. DELETED PAGES. The follow ng paragraphs are deleted fromthe
speci fications:

Section 03300, paragraph 2.3.5,

2. CHANGES TO DRAW NGS

A.  REVI SED DRAW NGS (I SSUED). The foll owi ng revised draw ngs
repl ace like-nunbered draw ngs and are issued herewth:



AM 0002 St andard Form 30
RFP No. DACA83-02-R-0003 Page 3 of 4 Pages
[tem 14 (Conti nued)

REV

RI NG NO. DRAW NG NO. SHEET NO. LTR REVI SI ON DATE
1 841-21-01 T-1 a 11-30-01

2 841-21-01 S-1 a 11-30-01

3 841-21-01 S-2 a 11-30-01

4 841-21-01 S-3 a 11-30-10

5 841-21-01 S-4 a 11-30-10

11 841-21-10 M1 a 11-30-10

B. REVI SED DRAW NGS (I SSUED). The follow ng revised draw ngs
repl ace like-nunbered draw ngs and are issued herewth:

WATER TANKS
REV
RI NG NO. DRAW NG NO. SHEET NO. LTR REVI SI ON DATE
1 211-30-01 C1 a 9/ 18/ 00
4 211-30-01 A-2 a 9/ 18/ 00
5 211-30-01 M 1 a 9/ 18/ 00
6 211-30-01 E-1 a 9/ 18/ 00
7 211-30-01 E-2 a 9/ 18/ 00
8 211-30-01 E-3 a 9/ 18/ 00
9 211-30-01 E-4 a 9/ 18/ 00
10 211-30-01 E-5 a 9/ 18/ 00
COLD STORAGE
REV
RI NG NO. DRAW NG NO. SHEET NO. LTR REVI SI ON DATE

2. 432-10-01 T-2 a

5. 432-10-01 G2 a

6. 432-10-01 C3 a

18. 432-10-01 A1 a

19. 432-10-01 A-2 a

20. 432-10-01 A-3 a

23. 432-10-01 A-6 a

24. 432-10-01 A7 a

25. 432-10-01 A-8 a

26. 432-10-01 A-9 a

29. 432-10-01 A-12 a

30. 432-10-01 A-13 a

32. 432-10-01 A-15 a

33. 432-10-01 A-16 a

34. 432-10-01 A- 17 a

36. 432-10-01 A- 19 a

37. 432-10-01 A- 20 a



AM 0002
RFP No. DACA83-02-R-0003
Item 14 (Conti nued)

COLD STORACE (conti nued)

REV

RI NG NO. DRAW NG NO.
43. 432-10-01
44, 432-10-01
46. 432-10-01

3. The proposal due date of March 1, 2002,
Time (HST) renai ns unchanged.

SHEET NO.

St andard Form 30
Page 4 of 4 Pages

LTR REVI S| ON_DATE

Q

2:00 P.M Hawaiian Standard



Request for Proposals No. DACA83-02-R-0003
SECTI ON 00010
PROPCOSAL SCHEDULE

FY02 MCA Cold Storage Facility and
RDT&E Repair Water Tanks

Kwaj al ein Atoll, Marshall |Island
| TEM
NO. DESCRI PTI ON QUANTI TY UNI T AMOUNT
1. Construct Cold Storage Facility 1 Job &
(I'ncludes$___ for Mobilization and Denobili zati on)
2. Repair Water Tanks 1 Job &
(I'ncludes$___ for Mbilization and Denobili zati on)

TOTAL BASE SCHEDULE

NOTES TO PROPOSAL SCHEDULE

1. Failure to bid on all the itens in the Proposal Schedule
may cause the bid to be considered nonresponsive.

00010- 3
( Am 0002)



PAYMENT (S)

Conpensation for all work to be perfornmed under this contract will be nmade
under the paynent item(s) listed herein. The principal features of the
Wrk to be included under the paynent item(s) are noted. Work required by
the drawi ngs and specifications and not particularly nmentioned shall be

i ncluded in and be paid for under the contract price for the itemto which
the work pertains. Price(s) and paynent(s) for the item(s) shall cover

all work, conplete and finished in accordance with the specifications,
schedul es, and draw ngs, and shall be full conpensation for all work in
connection therewith, including quality control and cost of perfornmance-and
paynent - bond prem uns as specified in the CONTRACT CLAUSES. Price(s) and
paynment (s) shall constitute full and final conpensation for furnishing al
mat eri al s, equi pnent, managenent, supervision, |abor, transportation, fuel
power, water, and all incidental itens necessary to conplete the work,
except as otherw se specified to be furnished by the Governnment. For the
pur pose of CONTRACT CLAUSE entitled "PROVWT PAYMENT FOR CONSTRUCTI ON
CONTRACTS", the term "designated billing office" and "desi gnated paynent
office" are as foll ows:

a. Billing Ofice

U.S. Arny Corps of Engineers
Kwaj al ei n Resident O fice
PO Box 28

APO AP 96555- 2528

b. Paynent O fice .
Central Accounting Ofice
PO Box 17073

Honol ulu, H 96817

Item nunbers nmentioned herein after correspond to the item nunbers in the
PROPOSAL SCHEDULE

a. ItemNo. 1, Construct Cold Storage Facility, will be paid for at the
contract price, conplete in place and ready for use, including site
preparation, building, water lines, sanitary-sewer system stormdrainage
system stone protection work, pavenent, concrete sidewal ks, curbs, and
gutters, security fencing, established of turf, nmechanical work, electrica
wor k, installation of Governnent-furnished property, testing, fina

connections, cleanup, and all incidental itenms necessary to conplete the
wor K.

b. Item No. 2, Repair Water Tanks, will be paid for at the contract price,
conplete in place and ready for use, including site preparation, testing,
final connections, cleanup, and all incidental itenms necessary to conplete
t he work.

- End of Section -

00010- 4
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52.204-6

52.211-2

52.211-14

52.215-1

52.215-20 IV

52.216-1

52.225-12

52.233-2

52.236-27 |

52.236-28

S-36.4

S-36.2

S-28-3

K-2
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SECTION 00100
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SPECIFICATIONS AND STANDARDS (DODISS) AND DESCRIPTIONS LISTED
IN THE ACQUISITION MANAGEMENT SYSTEMS & DATA REQUIREMENTS
CONTROL LIST, DOD 5010.12-L (DEC 1999)

NOTICE OF PRIORITY RATING FOR NATIONAL DEFENSE USE (SEP 1990)
INSTRUCTIONS TO OFFERORS - COMPETITIVE ACQUISITION (MAY 2001)
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THAN COST OR PRICING DATA (OCT 1997) ALT IV (OCT 1997)
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SECTION 00100 Instructions, Conditions, and Notices to Bidders

CLAUSES INCORPORATED BY FULL TEXT

52.204-6  DATA UNIVERSAL NUMBERING SYSTEM (DUNS) NUMBER (JUN 99)

(a) Contractor identification is essential for complying with statutory contract reporting
requirements. Therefore, the offeror is requested to enter, in the block with its name and address
on the Standard Form 33 or similar document, the annotation "DUNS" followed by the DUNS
number which identifies the offeror's name and address exactly as stated in the offer.

(b) If the offeror does not have a DUNS number, it should contact Dun and Bradstreet directly to
obtain one. A DUNS number will be provided immediately by telephone at no charge to the
offeror. For information on obtaining a DUNS number, the offeror, if located within the United
States, should call Dun and Bradstreet at 1-800-333-0505. The offeror should be prepared to
provide the following information:

(1) Company name.

(2) Company address.

(3) Company telephone number.

(4) Line of business.

(5) Chief executive officer/key manager.

(6) Date the company was started.

(7) Number of people employed by the company.

(8) Company affiliation.

(c) Offerors located outside the United States may obtain the location and phone number of the
local Dun and Bradstreet Information Services office from the Internet Home Page at
http://www.customerservice@dnb.com!/. If an offeror is unable to locate a local service center, it
may send an e-mail to Dun and Bradstreet at globalinfo@dnb.com.

(End of provision)

52.211-2 AVAILABILITY OF SPECIFICATIONS LISTED IN THE DOD INDEX OF
SPECIFICATIONS AND STANDARDS (DODISS) AND DESCRIPTIONS LISTED IN THE
ACQUISITION MANAGEMENT SYSTEMS AND DATA REQUIREMENTS CONTROL LIST, DOD
5010.12-L (DEC 1999)

Copies of specifications, standards, and data item descriptions cited in this solicitation may be
obtained--

(a) From the ASSIST database via the Internet at http://assist.daps.mil; or
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(b) By submitting a request to the--Department of Defense Single Stock Point (DoDSSP), Building
4, Section D, 700 Robbins Avenue, Philadelphia, PA 19111-5094, Telephone (215) 697-
2667/2179, Facsimile (215) 697-1462.

(End of provision)

52.211-14 NOTICE OF PRIORITY RATING FOR NATIONAL DEFENSE USE (SEP 1990)

Any contract awarded as a result of this solicitation will be DX rated order; X DO rated order
certified for national defense use under the Defense Priorities and Allocations System (DPAS) (15
CFR 700), and the Contractor will be required to follow all of the requirements of this regulation.
[Contracting Officer check appropriate box.]

(End of provision)

52.215-1 INSTRUCTIONS TO OFFERORS--COMPETITIVE ACQUISITION (MAY 2001)
(a) Definitions. As used in this provision--

“Discussions” are negotiations that occur after establishment of the competitive range that may,
at the Contracting Officer's discretion, result in the offeror being allowed to revise its proposal.

In writing, writing, or written means any worded or numbered expression that can be read,
reproduced, and later communicated, and includes electronically transmitted and stored
information.

“Proposal modification” is a change made to a proposal before the solicitation's closing date and
time, or made in response to an amendment, or made to correct a mistake at any time before
award.

“Proposal revision” is a change to a proposal made after the solicitation closing date, at the
request of or as allowed by a Contracting Officer as the result of negotiations.

“Time”, if stated as a number of days, is calculated using calendar days, unless otherwise
specified, and will include Saturdays, Sundays, and legal holidays. However, if the last day falls
on a Saturday, Sunday, or legal holiday, then the period shall include the next working day.

(b) Amendments to solicitations. If this solicitation is amended, all terms and conditions that are
not amended remain unchanged. Offerors shall acknowledge receipt of any amendment to this
solicitation by the date and time specified in the amendment(s).

(c) Submission, madification, revision, and withdrawal of proposals. (1) Unless other methods
(e.g., electronic commerce or facsimile) are permitted in the solicitation, proposals and
modifications to proposals shall be submitted in paper media in sealed envelopes or packages (i)
addressed to the office specified in the solicitation, and (ii) showing the time and date specified
for receipt, the solicitation number, and the name and address of the offeror. Offerors using
commercial carriers should ensure that the proposal is marked on the outermost wrapper with the
information in paragraphs (c)(1)(i) and (c)(1)(ii) of this provision.

(2) The first page of the proposal must show--

(i) The solicitation number;
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(i) The name, address, and telephone and facsimile numbers of the offeror (and electronic
address if available);

(i) A statement specifying the extent of agreement with all terms, conditions, and provisions
included in the solicitation and agreement to furnish any or all items upon which prices are offered
at the price set opposite each item;

(iv) Names, titles, and telephone and facsimile numbers (and electronic addresses if available) of
persons authorized to negotiate on the offeror's behalf with the Government in connection with
this solicitation; and

(v) Name, title, and signature of person authorized to sign the proposal. Proposals signed by an
agent shall be accompanied by evidence of that agent's authority, unless that evidence has been
previously furnished to the issuing office.

(3) Submission, modification, or revision, of proposals.

(i) Offerors are responsible for submitting proposals, and any modifications, or revisions, so as to
reach the Government office designated in the solicitation by the time specified in the solicitation.
If no time is specified in the solicitation, the time for receipt is 4:30 p.m., local time, for the
designated Government office on the date that proposal or revision is due.

(ii)(A) Any proposal, modification, or revision received at the Government office designated in the
solicitation after the exact time specified for receipt of offers is “late” and will not be considered
unless it is received before award is made, the Contracting Officer determines that accepting the
late offer would not unduly delay the acquisition; and--

(1) If it was transmitted through an electronic commerce method authorized by the solicitation, it
was received at the initial point of entry to the Government infrastructure not later than 5:00 p.m.
one working day prior to the date specified for receipt of proposals; or

(2) There is acceptable evidence to establish that it was received at the Government installation
designated for receipt of offers and was under the Government's control prior to the time set for
receipt of offers; or

(3) It is the only proposal received.

(B) However, a late modification of an otherwise successful proposal that makes its terms more
favorable to the Government, will be considered at any time it is received and may be accepted.

(iif) Acceptable evidence to establish the time of receipt at the Government installation includes
the time/date stamp of that installation on the proposal wrapper, other documentary evidence of
receipt maintained by the installation, or oral testimony or statements of Government personnel.

(iv) If an emergency or unanticipated event interrupts normal Government processes so that
proposals cannot be received at the office designated for receipt of proposals by the exact time
specified in the solicitation, and urgent Government requirements preclude amendment of the
solicitation, the time specified for receipt of proposals will be deemed to be extended to the same
time of day specified in the solicitation on the first work day on which normal Government
processes resume.

(v) Proposals may be withdrawn by written notice received at any time before award. Oral
proposals in response to oral solicitations may be withdrawn orally. If the solicitation authorizes
facsimile proposals, proposals may be withdrawn via facsimile received at any time before award,
subject to the conditions specified in the provision at 52.215-5, Facsimile Proposals. Proposals
may be withdrawn in person by an offeror or an authorized representative, if the identity of the
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person requesting withdrawal is established and the person signs a receipt for the proposal
before award.

(4) Unless otherwise specified in the solicitation, the offeror may propose to provide any item or
combination of items.

(5) Offerors shall submit proposals in response to this solicitation in English, unless otherwise
permitted by the solicitation, and in U.S. dollars, unless the provision at FAR 52.225-17,
Evaluation of Foreign Currency Offers, is included in the solicitation.

(6) Offerors may submit modifications to their proposals at any time before the solicitation closing
date and time, and may submit modifications in response to an amendment, or to correct a
mistake at any time before award.

(7) Offerors may submit revised proposals only if requested or allowed by the Contracting Officer.

(8) Proposals may be withdrawn at any time before award. Withdrawals are effective upon
receipt of notice by the Contracting Officer.

(d) Offer expiration date. Proposals in response to this solicitation will be valid for the number of
days specified on the solicitation cover sheet (unless a different period is proposed by the
offeror).

(e) Restriction on disclosure and use of data. Offerors that include in their proposals data that
they do not want disclosed to the public for any purpose, or used by the Government except for
evaluation purposes, shall--

(1) Mark the title page with the following legend: This proposal includes data that shall not be
disclosed outside the Government and shall not be duplicated, used, or disclosed--in whole or in
part--for any purpose other than to evaluate this proposal. If, however, a contract is awarded to
this offeror as a result of--or in connection with-- the submission of this data, the Government
shall have the right to duplicate, use, or disclose the data to the extent provided in the resulting
contract. This restriction does not limit the Government's right to use information contained in this
data if it is obtained from another source without restriction. The data subject to this restriction are
contained in sheets [insert numbers or other identification of sheets]; and

(2) Mark each sheet of data it wishes to restrict with the following legend: Use or disclosure of
data contained on this sheet is subject to the restriction on the title page of this proposal.

(f) Contract award. (1) The Government intends to award a contract or contracts resulting from
this solicitation to the responsible offeror(s) whose proposal(s) represents the best value after
evaluation in accordance with the factors and subfactors in the solicitation.

(2) The Government may reject any or all proposals if such action is in the Government's interest.
(3) The Government may waive informalities and minor irregularities in proposals received.

(4) The Government intends to evaluate proposals and award a contract without discussions with
offerors (except clarifications as described in FAR 15.306(a)). Therefore, the offeror's initial
proposal should contain the offeror's best terms from a cost or price and technical standpoint.
The Government reserves the right to conduct discussions if the Contracting Officer later
determines them to be necessary. If the Contracting Officer determines that the number of
proposals that would otherwise be in the competitive range exceeds the number at which an
efficient competition can be conducted, the Contracting Officer may limit the number of proposals
in the competitive range to the greatest number that will permit an efficient competition among the
most highly rated proposals.
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(5) The Government reserves the right to make an award on any item for a quantity less than the
quantity offered, at the unit cost or prices offered, unless the offeror specifies otherwise in the
proposal.

(6) The Government reserves the right to make multiple awards if, after considering the additional
administrative costs, it is in the Government's best interest to do so.

(7) Exchanges with offerors after receipt of a proposal do not constitute a rejection or counteroffer
by the Government.

(8) The Government may determine that a proposal is unacceptable if the prices proposed are
materially unbalanced between line items or subline items. Unbalanced pricing exists when,
despite an acceptable total evaluated price, the price of one or more contract line items is
significantly overstated or understated as indicated by the application of cost or price analysis
techniques. A proposal may be rejected if the Contracting Officer determines that the lack of
balance poses an unacceptable risk to the Government.

(9) If a cost realism analysis is performed, cost realism may be considered by the source
selection authority in evaluating performance or schedule risk.

(10) A written award or acceptance of proposal mailed or otherwise furnished to the successful
offeror within the time specified in the proposal shall result in a binding contract without further
action by either party.

(11) The Government may disclose the following information in postaward debriefings to other
offerors:

(i) The overall evaluated cost or price and technical rating of the successful offeror;

(ii) The overall ranking of all offerors, when any ranking was developed by the agency during
source selection;

(iiiy A summary of the rationale for award; and

(iv) For acquisitions of commercial items, the make and model of the item to be delivered by the
successful offeror.

(End of provision)

52.215-20 REQUIREMENTS FOR COST OR PRICING DATA OR INFORMATION OTHER
THAN COST OR PRICING DATA (OCT 1997)—ALTERNATE IV (OCT 1997)

l. Submission of cost or pricing data is not required.

Il. Provide information described below: [Insert description of the information and the format
that are required, including access to records necessary to permit an adequate evaluation of the
proposed price in accordance with 15.403-3.]

52.216-1 TYPE OF CONTRACT (APR 1984)

The Government contemplates award of a firm fixed-price contract resulting from this solicitation.
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(End of clause)

52.225-12 NOTICE OF BUY AMERICAN ACT/BALANCE OF PAYMENTS PROGRAM
REQUIREMENT-- CONSTRUCTION MATERIALS UNDER TRADE AGREEMENTS (FEB 2000)

(a) Definitions. Construction material, designated country construction material, domestic
construction material, foreign construction material, and NAFTA country construction material, as
used in this provision, are defined in the clause of this solicitation entitled “Buy American Act--
Balance of Payments Program--Construction Materials under Trade Agreements” (Federal
Acquisition Regulation (FAR) clause 52.225-11).

(b) Requests for determination of inapplicability. An offeror requesting a determination regarding
the inapplicability of the Buy American Act or Balance of Payments Program should submit the
request to the Contracting Officer in time to allow a determination before submission of offers.
The offeror shall include the information and applicable supporting data required by paragraphs
(c) and (d) of FAR clause 52.225-11 in the request. If an offeror has not requested a
determination regarding the inapplicability of the Buy American Act or Balance of Payments
Program before submitting its offer, or has not received a response to a previous request, the
offeror shall include the information and supporting data in the offer.

(c) Evaluation of offers. (1) The Government will evaluate an offer requesting exception to the
requirements of the Buy American Act or Balance of Payments Program, based on claimed
unreasonable cost of domestic construction materials, by adding to the offered price the
appropriate percentage of the cost of such foreign construction material, as specified in
paragraph (b)(4)(i) of FAR clause 52.225-11.

(2) If evaluation results in a tie between an offeror that requested the substitution of foreign
construction material based on unreasonable cost and an offeror that did not request an
exception, the Contracting Officer will award to the offeror that did not request an exception
based on unreasonable cost.

(d) Alternate offers. (1) When an offer includes foreign construction material, other than
designated country or NAFTA country construction material, that is not listed by the Government
in this solicitation in paragraph (b)(3) of FAR clause 52.225-11, the offeror also may submit an
alternate offer based on use of equivalent domestic, designated country, or NAFTA country
construction material.

(2) If an alternate offer is submitted, the offeror shall submit a separate Standard Form 1442 for
the alternate offer, and a separate price comparison table prepared in accordance with
paragraphs (c) and (d) of FAR clause 52.225-11 for the offer that is based on the use of any
foreign construction material for which the Government has not yet determined an exception
applies.

(3) If the Government determines that a particular exception requested in accordance with
paragraph (c) of FAR clause 52.225-11 does not apply, the Government will evaluate only those
offers based on use of the equivalent domestic, designated country, or NAFTA country
construction material, and the offeror shall be required to furnish such domestic, designated
country, or NAFTA country construction material. An offer based on use of the foreign
construction material for which an exception was requested--

(i) Will be rejected as nonresponsive if this acquisition is conducted by sealed bidding; or

(ii) May be accepted if revised during negotiations.

(End of provision)
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52.233-2 SERVICE OF PROTEST (AUG 1996)

(a) Protests, as defined in section 33.101 of the Federal Acquisition Regulation, that are filed
directly with an agency, and copies of any protests that are filed with the General Accounting
Office (GAQ), shall be served on the Contracting Officer (addressed as follows) by obtaining
written and dated acknowledgment of receipt from:

U.S. Army Engineer District, Honolulu

Corps of Engineers, Bldg 230

ATTN: Directorate of Contracting, CEPOH-CT
Fort Shafter, HI 96858-5440

(b) The copy of any protest shall be received in the office designated above within one day of
filing a protest with the GAO.

(End of provision)

52.236-27  SITE VISIT (CONSTRUCTION) (FEB 1995) — ALTERNATE | (FEB 1995)

(a) The clauses at 52.236-2, Differing Site Conditions, and 52.236-3, Site Investigations and
Conditions Affecting the Work, will be included in any contract awarded as a result of this
solicitation. Accordingly, offerors or quoters are urged and expected to inspect the site where the
work will be performed.

(b) An organized site visit has been scheduled for--

*January 9, 2002 (Kwajalein Time) (9:00 a.m. to 3:00 p.m.) *

(c) Participants will meet at--Kwajalein

Due to limited logistical support, only one representative from each firm who has acquired
the CD ROM may attend the site visit and preproposal conference. All Contractors that wish to
attend MUST contact Mr. Rodney Leong at telephone no. (808)438-6940, facsimile no. (808) 438-
8865, or e-mail address rodney.s.leong@poh01l.usace.army.mil NO LATER THAN 14 Dec 01.
Contractors shall provide full name, social security number, date of birth, place of birth,
citizenship, name of company, position/title, home address, confirmation of flight reservations,
point of departure, dates of entry and exit, and name of airline carrier to obtain an entry
clearance. Contractors may only visit the site on day of the scheduled site visit and preproposal
conference. The Government will only respond to questions submitted in writing via amendments
to the solicitation. Questions regarding the solicitation should be submitted no later than 9 Jan
02.

52.236-28 PREPARATION OF PROPOSALS--CONSTRUCTION (OCT 1997)

(a) Proposals must be (1) submitted on the forms furnished by the Government or on copies of
those forms, and (2) manually signed. The person signing a proposal must initial each erasure or
change

appearing on any proposal form.

(b) The proposal form may require offerors to submit proposed prices for one or more items on
various bases, including--

(1) Lump sum price;

(2) Alternate prices;

00100 - 8 (AM-0002)



*

(3) Units of construction; or

(4) Any combination of paragraphs (b)(1) through (b)(3) of this provision.

(c) If the solicitation requires submission of a proposal on all items, failure to do so may result in
the proposal being rejected without further consideration. If a proposal on all items is not required,
offerors should insert the words “no proposal” in the space provided for any item on which no
price is submitted.

(d) Alternate proposals will not be considered unless this solicitation authorizes their submission.

(End of provision)

S-36.4 PRE-PROPOSAL CONFERENCE (JUL 1995)

a. A pre-proposal conference will be conducted by the Government on January 9, 2002

(Kwajalein time) in Kwajalein from 9:00 a.m. to 3:00 p.m. All planholders (prime contractors, subcontractors, and*

suppliers) are urged to attend this conference. Planholders who plan to attend should notify the
Government of the number of attendees before the date of the conference. Notification can be
made as

follows:

(1) Telephone: Insert phone no.
Point of Contact: Insert POC

(2) Mail: U.S. Army Engineer District, Honolulu
Corps of Engineers, Bldg 230
ATTN: Rodney Leong (808)438-6940
Fort Shafter, Hawaii 96858-5440

Due to limited logistical support, only one representative from each firm who has acquired the CD
ROM may attend the site visit and preproposal conference. All Contractors that wish to attend
MUST contact Mr. Rodney Leong at telephone no. (808)438-6940, facsimile no. (808) 438-8865,
or e-mail address rodney.s.leong@poh0l.usace.army.mil NO LATER THAN 14 Dec 01.
Contractors shall provide full name, social security number, date of birth, place of birth,
citizenship, name of company, position/title, home address, confirmation of flight reservations,
point of departure, dates of entry and exit, and name of airline carrier to obtain an entry
clearance. Contractors may only visit the site on day of the scheduled site visit and preproposal
conference. The Government will only respond to questions submitted in writing via amendments
to the solicitation. Questions regarding the solicitation should be submitted no later than 9 Jan
02.

b. Any questions planholders may have concerning the project, plans, or specifications should be
submitted in writing, on letterhead stationery, sufficiently in advance of the conference, to permit
preparation of answers, which will be provided at the conference. The questions should be faxed
as soon as possible, and followed by an original through mail. Use the facsimile number and
address shown in paragraph a. above. During the conference, written, signed questions will be
accepted, and will be answered during the conference if time permits.

c. A complete record of the conference, including questions raised by planholders and answers
provided by the Government, will be made and a copy furnished to all planholders. However, any
answer, clarification, or explanation given at the conference will not qualify or change the terms of
the request for proposal (including the plans and specifications). Unless the request for proposal
is amended in writing, it will remain unchanged. If an amendment to the request for proposal is
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issued as a result of the conference, normal procedures relating to issuance and
acknowledgement of receipt will apply.

d. All costs incurred to attend and participate in the pre-proposal conference and any site visits
(see paragraph e. below) will be at the expense of the planholder. This includes, but is not limited
to, the cost of transportation, per diem, and hotel accommodations.

e. Refer to provision entitled SITE VISIT (CONSTRUCTION) in Section 00100 for information on
the pre-proposal site visit.

[End of Statement]

S-36.2 MAGNITUDE OF THE PROPOSED PROJECT [FAR 36.204]

(a) Physical Characteristics: FY02 MCA, Cold Storage Facility, and FYO1 RDT&E Repair Water
Tanks, Kwajalein, U.S. Army Kwajalein Atoll. The work for FY02 MCA PN 50846, Cold Storage
Facility is to construct a 22,000 SF, 315,000 CF cold storage warehouse, having two freezer and
five chilled rooms with racking, and a contiguous ice plant. Supporting facilities include utilities,
fire protection and alarm systems; paving, walks, curbs and gutters; stom drainage; information
systems; and site improvements. Refrigeration load: 200 tons. Air conditioning: 20 tons.
Demolish three buildings (112,100 CF) with asbestos abatement. The work for FYO1l RDT&E,
Repair Water Tanks, is to perform all work necessary to repair three existing 1 million gallon
concrete water storage tanks (Facility Nos. 946, 947, 966), including piping. Contractors may
visit the site subject to a two-week prior approval by the Commander, U.S. Army Kwajalein Atoll
and proper entry clearance.

(b) Estimated Price Range: The estimated price range of this work is: between $25,000,000
and $100,000,000.

[End of Statement]

S-28.3 PENAL SUM AND FORM OF OFFER GUARANTEE

(Applicable to offers exceeding $100,000)

Each offeror shall submit with its offer a separate offer guarantee using Standard Form 24, Bid
Bond, with good and sufficient surety or sureties acceptable to the Government, or other security
as provided in the clause entitted OFFER GUARANTEE in the CONTRACT CLAUSES section.
This security shall be in the form of twenty percent (20%) of the offered price or three million
dollars ($3,000,000), whichever is less. The penal sum of the bond may be expressed in terms of
a percentage of the offered price or may be expressed in dollars and cents.

Failure to submit a offer guarantee by the time and date set for receipt of proposals may be cause
for rejection of a proposal, except as provided in provision 52.215-1, Instructions to Offerors--
Competitive Acquisition.

[End of Statement]

K-2 RESTRICTIONS ON AWARD
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(@ In view of stringent security considerations at Kwajalein Atoll, a contract under this solicitation
shall be awarded only to a United States contractor or to a Marshall Islands contractor.

(b) Definitions. The following terms, as used in this clause only, shall have the following
meanings:

(1) "Person" means an individual.
(2) "Firm" means a corporation or partnership.

(3) "Joint Venture" means more than one firm and/or person agreeing to submit a joint proposal
under this solicitation.

(4) "United States" means the 50 states, the District of Columbia, Puerto Rico, the
Commonwealth of the Northern Mariana Islands, and possessions as defined in FAR 2.101.

(5) "State" means any of the 50 States, the District of Columbia, Puerto Rico, the Commonwealth
of the Northern Mariana Islands, the Virgin Islands, American Samoa, or Guam.

(c) To qualify as a United States or Marshall Islands contractor, a person must be a citizen of the
United States or the Republic of the Marshall Islands and, at the time of submitting a proposal
under this

solicitation, must comply with all of the following:

(1) At least 80 percent of the principal management personnel employed in the United States
and/or the Marshall Islands by that person shall be citizens of the United States or the Republic of
the Marshall Islands;

(2) More than half of the permanent full time personnel employed in the United States and/or the
Marshall Islands by that person shall be citizens of the United States or the Republic of the
Marshall Island; and

(d) To qualify as a United States or Marshall Islands contractor, a firm must be incorporated in or
organized under the laws of a State or the Republic of the Marshall Islands and, at the time of
submitting a proposal under this solicitation, must comply with all of the following:

(1) The firm's principal place of business and headquarters shall have been in the United States
or the Republic of the Marshall Islands for a minimum of two calendar years immediately
preceding this solicitation;

(2) Tax returns, if required, shall have been filed by that firm in the United States or in the
Republic of the Marshall Islands for a minimum of two tax years immediately preceding this
solicitation;

(3) For a minimum of two full years immediately preceding the issuance of this solicitation (j) if
that firm is a corporation, a continuous majority of the corporate officers shall have been citizens
of the United States or the Republic of the Marshall Islands, or (ii) if that firm is a partnership, all
of the general partners shall have been citizens of the United States or the Republic of the
Marshall Islands, or shall have been incorporated in or organized under the laws of a State or the
Republic of the Marshall Islands and shall meet all the requirements of (d) (1), (d) (2) and (d) (3)
(i) above and (d) (5) below.

(4) That firm must employ citizens of the United States or the Republic of the Marshall Islands in

at least 80 percent of its principal management positions in the United States and/or in the
Marshall Islands; and
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(5) That firm must employ citizens of the United States or the Republic of the Marshall Islands in
more than half of its permanent, full-time positions in the United States and/or in the Marshall
Islands.

(e) For a joint venture to quality as a United States or Marshall Island contractor, each member
of the joint venture must meet all the requirements set out in (c) or (d) above, as appropriate.

(f) In addition, to qualify for award of a contract under this solicitation, a firm or person must have
proven, as indicated by prior contracting experience in the United States and/or in the Marshall
Islands, that it possesses the technical, managerial, and financial capability to successfully
complete a project similar in nature and technical complexity to that described in this solicitation;
and it must presently possess the technical, managerial and financial resources in the United
States and/or in the Marshall Islands to perform the contract.

(9) Nothing in this provision shall be construed to prohibit award to a joint venture between
United States and Marshall Islands contractors, so long as each member of the joint venture
meets the criteria otherwise required by this provision.

[End of Statement]
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SECTI ON 02315

EXCAVATI ON, DEMOLI TI ON, FI LLI NG AND BACKFI LLI NG

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the

extent referenced. The publications are referred to in the text by basic

designation only.

AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORATI ON OFFI CES

AASHTO T 180 (1997) Mdisture-Density Relations of Soils
Using a 4.54-kg (10-1b) Ranmer and an
457-mm (18-in) Drop

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM C 33 (19999a) Concrete Aggregates

ASTM C 117 (1995) Material Finer Than 75 M croneter
(No. 200) Sieve in Mneral Aggregate by
Washi ng

ASTM C 136 (1996a) Sieve Analysis of Fine and Coarse
Aggr egat es

ASTM D 422 (1963; R 1998) Particle-Size Analysis of
Soils

ASTM D 1556 (1990; R 1996) Density and Unit Weight of

Soil in Place by the Sand-Cone Met hod

ASTM D 1557 (1991) Laboratory Conpaction
Characteristics of Soil Using Mdified
Effort (56,000 ft-Ibf/cu. ft. (2,700
kKN-m cu. m))

ASTM D 2487 (1993) dassification of Soils for
Engi neeri ng Purposes (Unified Soil
Classification System

ASTM D 2922 (1996) Density of Soil and Soil - Aggregate
in Place by Nucl ear Met hods (Shal |l ow Dept h)

ASTM D 2937 (1994) Density of Soil in Place by the
Drive-Cylinder Method

ASTM D 3017 (1988; R 1993) Water Content of Soil and
Rock in Place by Nuclear Methods (Shallow
Dept h)
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WIRTANKS
ASTM D 4253 (2000) Maxi mum I ndex Density and Unit
Wi ght of Soils Using a Vibratory Table

ASTM D 4318 (1995a) Liquid Limt, Plastic Limt, and
Plasticity I ndex of Soils

.2 DEGREE OF COVPACTI ON

Degree of conpaction is a percentage of the maxi mum density obtai ned by the
test procedure presented in ASTM D 1557-91, Method C, for material that has
no nore than 30 percent retained on the 3/4 inch sieve and has nore than
20 percent retained on the 3/8 inch sieve. Where the material does not
neet these gradation requirenents, AASHTO T 180 nethod D will be used.
VWere free draining soils, i.e., sand or gap-graded aggregate are to be
conpacted, use ASTM D 4253. The procedure will be abbreviated bel ow as a
percent age of |aboratory density.

.3 SUBM TTALS

Government approval is required for submittals with a "GA" designation;
subm ttals having an "FI O' designation are for information only. The
followi ng shall be submitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD- 09 Reports
Testing; FIO

Copies of all laboratory and field test reports within 24 hours of the
conpl etion of the test.

PART 2 PRODUCTS

2.

2.

1 MATERI ALS

1.1 Satisfactory Materials

Gravel fill consisting of inported crusher waste or base course conform ng
to State of Hawaii Standard Specifications for Road and Bri dge
Construction, 1994, 1-1/2 inches maxi mumsize. Gavel fill shall consi st
of clean, crushed, nonporous rock or crushed gravel. The maxi mum si ze

shall be 1-1/2 inches and no nore than 2 percent by wei ght shall pass
t hrough the No. 4 size sleeve. Sand fill shall conformto ASTM C 33 No. 10
to No. 100.

1.2 Unsatisfactory Materials

Material s which do not conply with the requirenents for satisfactory
materials are unsatisfactory. Unsatisfactory materials also include
man-made fills, trash, refuse, or backfills from previ ous construction
Unsatisfactory material also includes material classified as satisfactory
whi ch contains root and other organic matter, and stones |arger than 2

i nches. The Contracting O ficer shall be notified of any contam nated
materi al s.

.1.3 Cohesi onl ess and Cohesive Materials

Cohesionl ess materials include materials classified in ASTM D 2487 as GWV
@GP, SW and SP. Cohesive materials include materials classified as GC, SC,
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M., CL, MH and CH Materials classified as GM G>-GM GMGM SW SM
SP-SM and SM shall be identified as cohesionless only when the fines are
nonpl astic. Testing required for classifying materials shall be in
accordance with ASTM C 117, ASTM C 136, ASTM D 422 and ASTM D 4318 as
appl i cabl e.

PART 3 EXECUTI ON

3.

1 DEMOLI TI ON

Concrete slab shall be denolished to limts as required for new work. The
Cont actor shall take necessary precautions to prevent danage to adjacent
wal I s, foundation and inprovenents which are to renain.

.2 EXCAVATI ON

Excavation shall conformto the dinmensions and el evations indicated for
each structure, and footing except as specified, and shall include
trenching for utility and foundati on drainage systens. Excavation shal
extend a sufficient distance fromwalls and footings to allow for placing
and renoval of forms. Excavations below indicated depths will not be
permtted except to renove unsatisfactory material. Unsatisfactory

mat eri al encountered bel ow the grades shown shall be renoved as directed
and replaced with satisfactory material; and paynent will be nade in
conformance with the CHANGES cl ause of the CONTRACT CLAUSES. Satisfactory
material renmoved bel ow the depths indicated, w thout specific direction of
the Contracting Oficer, shall be replaced, at no additional cost to the
Government, with satisfactory materials to the indicated excavati on grade
except that concrete footings shall be increased in thickness to the bottom
of the overdepth excavations and over-break in rock excavation

Satisfactory material shall be placed and conpacted as specified in

par agraph FI LLI NG AND BACKFI LLING Determ nation of el evations and

measur enents of approved overdepth excavati on of unsatisfactory materi al

bel ow grades indicated shall be done under the direction of the Contracting
Oficer.

.3 DRAI NAGE AND DEWATERI NG

. 3.1 Dr ai nage

Surface water shall be directed away from excavati on and construction sites
to prevent erosion and underm ning of foundations. Diversion ditches,

di kes and gradi ng shall be provided and mai ntai ned as necessary during
construction. Excavated sl opes and backfill surfaces shall be protected to
prevent erosion and sloughing. Excavation shall be performed so that the
site, the area immedi ately surrounding the site, and the area affecting
operations at the site shall be continually and effectively drai ned.

Drai nage shall conply with requirements of Contract Specification Section
01431 ENVI RONMENTAL PROTECTI ON.

.4 CLASSI FI CATI ON OF EXCAVATI ON

Excavation will be unclassified regardl ess of the nature of materi al
encount er ed.

.5 UTI LI TY AND DRAI N TRENCHES

Trenches for underground utilities systens and drain |ines shall be
excavated to the required alignments and depths. The bottons of trenches
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shal |l be graded to secure the required slope and shall be tanped if
necessary to provide a firm pi pe bed. Recesses shall be excavated to
acconmodate bells and joints so that pipe will be uniformy supported for
the entire length. Rock, where encountered, shall be excavated to a depth
of at least 6 inches below the bottomof the pipe, and the overdepth shal
be backfilled with satisfactory material placed and conpacted in
conformance wi th paragraph FILLI NG AND BACKFI LLI NG

.6 EXCAVATED MATERI ALS

Satisfactory excavated material required for fill or backfill shall be

pl aced in the proper section of the permanent work required under this
section or shall be separately stockpiled if it cannot be readily placed.
Satisfactory material in excess of that required for the permanent work and
all unsatisfactory material shall be disposed of as determ ned by the
Contracting O ficer.

.7  SUBGRADE PREPARATI ON
Unsatisfactory material in surfaces to receive fill or in excavated areas

shal |l be renoved and replaced with satisfactory materials as directed by
the Contracting Officer. The surface shall be scarified to a depth of 6

i nches before the fill is started. Sloped surfaces steeper than 1 vertica
to 4 horizontal shall be plowed, stepped, benched, or broken up so that the
fill material will bond with the existing material. Wen subgrades are

| ess than the specified density, the ground surface shall be broken up to a
m ni mum depth of 6 inches, pulverized, and conpacted to the specified
density. Wen the subgrade is part fill and part excavation or natura
ground, the excavated or natural ground portion shall be scarified to a
depth of 12 inches and conpacted as specified for the adjacent fill.
Material shall not be placed on surfaces that are muddy, frozen, or contain
frost. Conpaction shall be acconplished by sheepsfoot rollers,
pneumatic-tired rollers, steel-wheeled rollers, or other approved equi pment
well suited to the soil being conpacted. Material shall be noistened or
aerated as necessary to provide the nmoisture content that will readily
facilitate obtaining the specified conpaction with the equi pnment used.

M ni mum subgrade density shall be as specified in paragraph FlILLING AND
BACKFI LLI NG

.8 FI LLI NG AND BACKFI LLI NG

Satisfactory materials shall be used in bringing fills and backfills to the
lines and grades indicated and for replacing unsatisfactory material s.
Satisfactory materials shall be placed in horizontal |ayers not exceeding

8 inches in | oose thickness, or 6 inches when hand-operated conpactors are
used. After placing, each layer shall be plowed, disked, or otherw se

br oken up, noistened or aerated as necessary to a mpoisture content at | east
3 percent above optinum thoroughly m xed and conpacted as specified.
Backfilling shall not begin until construction below finish grade has been
approved, underground utilities systens have been inspected, tested and
approved, forms renpoved, and the excavation cl eaned of trash and debris.

Backfill shall be brought to indicated finish grade. Backfill shall not be
pl aced in wet areas. Where pipe is coated or wapped for protection
agai nst corrosion, the backfill material up to an elevation 2 feet above

sewer lines and 1 foot above other utility lines shall be free from stones
larger than 1 inch in any di mension. Heavy equi pnent for spreading and
conpacting backfill shall not be operated closer to foundation or retaining
wal I s than a di stance equal to the height of backfill above the top of
footing; the area remmining shall be conpacted in |ayers not nore than 4
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i nches in conpacted thickness with power-driven hand tanpers suitable for
the material being conpacted. Backfill shall be placed carefully around
pi pes or tanks to avoid damage to coatings, wappings, or tanks. Backfil
shall not be placed agai nst foundation walls prior to 7 days after

conmpletion of the walls. As far as practicable, backfill shall be brought
up evenly on each side of the wall and sloped to drain away fromthe wall.
Each [ ayer of fill and backfill shall be conpacted to not |ess than 95

percent of maxi num density, ASTM D 1557.

Approved conpacted subgrades that are disturbed by the Contractor's
operations or adverse weat her shall be scarified and conpacted as specified
herein before to the required density prior to further construction

t hereon. Reconpaction over underground utilities and heating |ines shal

be by hand tanpi ng.

.9 TESTI NG

Testing shall be the responsibility of the Contractor and shall be
performed at no additional cost to the Governnment. Testing shall be
performed by an approved commercial testing |aboratory or may be perfornmed
by the Contractor subject to approval. Field in-place density shall be
determ ned in accordance with ASTM D 1556, or ASTM D 2922. Wen ASTM D 2922
is used, the calibration curves shall be checked and adjusted if necessary
by the procedure described in ASTM D 2922, paragraph ADJUSTI NG CALI BRATI ON
CURVE. ASTM D 2922 results in a wet unit weight of soil and when using
this nethod ASTM D 3017 shall be used to determ ne the noisture content of
the soil. The calibration curves furnished with the noisture gauges shal
al so be checked along with density calibration checks as described in ASTM
D 3017. The calibration checks of both the density and noi sture gauges
shall be made at the beginning of a job on each different type of material
encountered and at intervals as directed by the Contracting Oficer. ASTM
D 2937 shall be used only for soft, fine-grained, cohesive soils. The
foll owi ng nunber of tests, if perfornmed at the appropriate tine, shall be
t he m ni mum acceptabl e for each type operation

Copies of Calibration curves, results of calibration tests, and field and
| aboratory density tests shall be furnished to the Contracting Oficer
within 24 hours of conclusion of the tests.

.9.1 I n-Place Densities

I n-place density and noi sture content test results shall be included with
the Contractor's daily construction quality control reports.

.9.1.1 In-Place Density of Subgrades
One test per 1000 square foot or fraction thereof.

.9.1.2 In-Place Density of Fills and Backfills

One test per 1000 square foot or fraction thereof of each Iift for fill or
backfill areas conpacted by other than hand or hand-operated machi nes. The
density for each lift of fill or backfill materials for trenches, pits,

whi ch are conpacted with hand or hand-operated nachi nes shall be tested as
follows: One test per each area less than 20 square feet, or one test for
each 10 linear foot of long narrow fills 10 feet or nmore in length. |If
ASTM D 2922 is used, in-place densities shall be checked by ASTM D 1556 as
follows: One check for every (10) nuclear tests, or fraction thereof.
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3.10 GRADI NG

Areas within 5 feet outside of each structure line shall be constructed
true-to-grade, shaped to drain, and shall be nmaintained free of trash and
debris until final inspection has been conpleted and the work has been
accept ed.

3.11 PROTECTI ON

Settlement or washing that occurs in graded, topsoiled, or backfilled areas
prior to acceptance of the work, shall be repaired and grades reestablished
to the required el evations and sl opes.

Excavati on surfaces or finish subgrades shall be protected fromdrying out
and cracki ng by keeping the surface continuously noist until concrete pours
or placenent of base course and vapor barrier. |[|f excavation surfaces
become wet or nuddy the surface shall be dried and reconpacted or the wet
material renoved

-- BEnd of Section --
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CAST- | N- PLACE STRUCTURAL CONCRETE

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
designation only.

ACl | NTERNATI ONAL (ACl)

ACl 117/ 117R (1990; Errata) Standard Tol erances for
Concrete Construction and Materials

ACl 211.1 (1991) Standard Practice for Sel ecting
Proportions for Normal, Heavyweight, and
Mass Concrete

ACl 214. 3R (1988) Sinplified Version of the
Recomended Practice for Evaluation of
Strength Test Results of Concrete

ACl 301 (1996) Standard Specifications for
Structural Concrete

ACl 305R (1991) Hot Weat her Concreting

ACl 318/ 318R (1999) Buil ding Code Requirenents for

Structural Concrete and Commentary

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM C 31/ C 31M (1998) Making and Curing Concrete Test
Specimens in the Field

ASTM C 33 (19999a) Concrete Aggregates

ASTM C 39 (1996) Conpressive Strength of Cylindrical
Concrete Speci nens

ASTM C 42 (1999) Obtaining and Testing Drilled Cores
and Sawed Beans of Concrete

ASTM C 78 (1994) Fl exural Strength of Concrete
(Using Sinple Beam Wt h Third-Point
Loadi ng)

ASTM C 94 (1999) Ready-M xed Concrete

ASTM C 136 (1996a) Sieve Analysis of Fine and Coarse

Aggr egat es
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ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM D

ASTM E

ASTM E

143

150

171

172

192/ C 192M

494

878

881

940

1017

1059

1064/ C 1064M

1077

1107

1116

75

96

1745

CORPS OF ENG NEERS ( CCE)

CCE CRD-C 104

WIRTANKS

(1998) Slunp of Hydraulic Cenent Concrete
(1998a) Portl and Cenent

(1997a) Sheet Materials for Curing Concrete
(1999) Sanpling Freshly M xed Concrete

(1998) Making and Curing Concrete Test
Speci mens in the Laboratory

(1999) Chem cal Adm xtures for Concrete

(1995, Rev A) Standard Test Method for
Restrai ned Expansi on of Shrinkage -
Conpressi ve Concrete

(1999) Epoxy- Resi n-Base Bondi ng Systens
for Concrete

(1998a) Expansion and Bl eedi ng of Freshly
M xed Grouts for Prepl aced- Aggregate
Concrete in the Laboratory

(1998) Chemi cal Adm xtures for Use in
Produci ng Fl owi ng Concrete

(1999) Latex Agents for Bonding Fresh to
Har dened Concrete

(1999) Tenperature of Freshly M xed
Portl and Cenment Concrete

(1998) Laboratories Testing Concrete and
Concrete Aggregates for Use in
Construction and Criteria for Laboratory
Eval uati on

(1999) Packaged Dry, Hydraulic-Cenent
G out (Nonshri nk)

(1995) Fi ber-Reinforced Concrete and
Shotcrete

(1987; R 1997) Sanpling Aggregates

(1995) water Vapor Transm ssion of
Material s

(1997) Standard Specification for Plastic
Wat er Vapor Retarders Used in Contract
with Soil or Ganular Fill under Concrete
Sl abs

(1980) Met hod of Cal cul ation of the
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Fi neness Modul us of Aggregate

CCE CRD-C 400 (1963) Requirenents for Water for Use in
M xi ng or Curing Concrete

CCE CRD-C 521 (1981) Standard Test Method for Frequency
and Amplitude of Vibrators for Concrete

NATI ONAL | NSTI TUTE OF STANDARDS AND TECHNOLOGY (NI ST)

NI ST HB 44 (1997) NI ST Handbook 44: Specifications,
Tol erances, and O her Techni cal
Requi renents for Wi ghing and Measuring
Devi ces

NATI ONAL READY- M XED CONCRETE ASSQOCI ATI ON ( NRMCA)
NRMCA CPMB 100 (1996) Concrete Pl ant Standards

NRMCA TWMMVB 100 (1994) Truck M xer Agitator and Front
Di scharge Concrete Carrier Standards

NRMCA QC 3 (1984) Quality Control Manual: Section 3,
Plant Certifications Checklist:
Certification of Ready M xed Concrete
Production Facilities

.2 LUVP SUM CONTRACT

Under this type of contract concrete itens will be paid for by |lunp sum and
will not be nmeasured. The work covered by these itens consists of
furnishing all concrete materials, reinforcenment, m scell aneous enbedded
materi al s, and equi pnent, and performng all |abor for the form ng

manuf acture, transporting, placing, finishing, curing, and protection of
concrete in these structures.

.3 SUBM TTALS

Government approval is required for submttals with a "GA" designation;
subm ttals having an "FI O' designation are for information only. The
followi ng shall be submitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD-08 Statenents
M xture Proportions; GA

The results of trial mxture design studies along with a statenment giving
t he maxi mum nomi nal coarse aggregate size and the proportions of
ingredients that will be used in the manufacture of each strength or class
of concrete, at |least 14 days prior to conmencing concrete placing
operations. Aggregate weights shall be based on the saturated surface dry
condition. The statenment shall be acconpanied by test results from an
approved i ndependent commercial testing |aboratory, show ng that mxture
design studi es have been nade with materials proposed for the project and
that the proportions selected will produce concrete of the qualities

i ndi cated. No substitutions shall be made in the materials used in the

m xture design studies wi thout additional tests to show that the quality of
the concrete is satisfactory.
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SD- 09 Reports
Testing and I nspection for Contractor Quality Control; GA
Certified copies of laboratory test reports, including mll tests and al
other test data, for portland cenment, blended cenent, pozzol an, ground
granul ated bl ast furnace slag, silica fune, aggregate, adm xtures, and
curing conpound proposed for use on this project.

SD- 13 Certificates
Qualifications; GA
Witten docunentation for Contractor Quality Control personnel

SD- 14 Sanpl es
Surface Retarder; FIO

Surface retarder material with manufacturer's instructions for application
in conjunction with air-water cutting.

.4 QUALI FI CATI ONS

Contractor Quality Control personnel assigned to concrete construction
shal |l be American Concrete Institute (ACI) Certified Wrknmen in one of the
foll owi ng grades or shall have witten evidence of having conpleted simlar
qual i fication prograns:

Concrete Field Testing Technician, G ade |
Concrete Laboratory Testing Technician, Gade |I or I
Concrete Construction Inspector, Level |

Concrete Transportation Construction |Inspector or
Rei nf orced Concrete Special Inspector, Jointly certified by American

Concrete Institute (ACl), Building Oficial and Code Adm nistrators
International (BOCA), International Conference of Building Oficials (I1CBO,
and Sout hern Buil di ng Code Congress International (SBCC).

1

The foreman or |ead journeyman of the flatwork finishing crew shall have
simlar qualification for ACI Concrete Fl atwork Technici an/ Fi ni sher or
equal, with witten docunentation

5 FI ELD TEST FLOOR SLAB

Field test slabs shall be constructed 3 nonths prior to begi nning of work
using the materials and procedures proposed for use on the job, to
denonstrate the results to be attained. The quality and appearance of the
test slab shall be subject to the approval of the Contracting O ficer, and,
if not judged satisfactory, additional test slabs shall be constructed
until approval is attained. Formed or finished surfaces in the conpleted
structure shall match the quality and appearance of the approved field
exanpl e.

.5.1 Test Fl oor Sl ab

The test floor slab shall be at least 4 feet by 5 feet and 6 inches thick
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A full length expansion joint shall be constructed at the center of the
test floor slab. Al materials used for the actual expansion joint shal
be used in the test floor slab. The concrete used for the test floor slab
shall contain all adm xtures used for the actual concrete. The test floor
slab can be constructed in Honolulu or in Kwajalein and shall be avail able
to the Contracting Oficer for inspection

.6 SPECI AL REQUI REMENTS

A pre-installation nmeeting with the Contracting Oficer will be required at
| east 10 days prior to start of construction. The Contractor shall be
responsible for calling the neeting; the Project Superintendent and active
installation personnel shall be present.

.7 GENERAL REQUI REMENTS

7.1 Tol er ances

Except as otherw se specified herein, tolerances for concrete batching,

m xture properties, and construction as well as definition of terns and
application practices shall be in accordance with ACI 117/117R  Level and
grade tol erance neasurenments of slabs shall be nmade as soon as possible
after finishing; when forns or shoring are used, the nmeasurenments shall be
made prior to renoval .

.7.1.1 Fl oors

For the purpose of this Section the followi ng term nol ogy correl ation
between ACI 117/ 117R and this Section shall apply:

Floor Profile Quality

Cassification From ACl 117/ 117R Thi s Section

Conventional Bullfl oated Sane
Conventional Straightedged Sane

Fl at Fl oat Finish or Trowel Finish
Very Fl at Sanme. Use only with F-system

Level ness tol erance shall apply where design requires floors to be sl oped
to drains or sloped for other reasons.

.7.1.2 Fl oors by the Straightedge System

The flatness of the floors shall be carefully controlled and the tol erances
shal | be neasured by the strai ghtedge system as specified in paragraph
4.5.7 of ACI 117/117R, using a 5 foot and adjusted for slopes to drain,
strai ght edge and adjusted for slopes to drain, within 72 hours after floor
slab installation and before shores and/or forns are renoved. The listed
tol erances shall be met at any and every |l ocation at which the straightedge
can be pl aced.

Bul | f1 oat ed 1/ 2 inches
Strai ght edged 5/ 16 i nches
Float Finish 1/4 inches
Trowel Finish 3/16 inches

7.2 Strength Requirenments and wc Ratio
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Strengt h Requirenents

Speci fied conpressive strength (f'c) shall be as foll ows:

COVPRESS| VE STRENGTH STRUCTURE OR PORTI ON OF STRUCTURE

4000 psi

at 28 days Al

Conpressive strength shall be determ ned in accordance with ASTM C 39.

a.

Eval uati on of Concrete Conpressive Strength. Conpressive strength
specimens (6 by 12 inch cylinders) shall be fabricated by the
Contractor and | aboratory cured in accordance with ASTM C 31/ C 31M
and tested in accordance with ASTM C 39. The strength of the
concrete will be considered satisfactory so long as the average of
all sets of three consecutive test results equals or exceeds the
speci fied conpressive strength f'c and no individual test result
falls below the specified strength f'c by nore than 500 psi. A
"test" is defined as the average of two conpanion cylinders, or if
only one cylinder is tested, the results of the single cylinder
test. Additional analysis or testing, including taking cores
and/or load tests may be required at the Contractor's expense when
the strength of the concrete in the structure is considered
potentially deficient.

I nvestigation of Low Strength Conpressive Test Results. Wen any
strength test of standard-cured test cylinders falls below the
specified strength requirenment by nore than 500 psi or if tests of
field-cured cylinders indicate deficiencies in protection and
curing, steps shall be taken to assure that the |oad-carrying
capacity of the structure is not jeopardized. Wen the strength
of concrete in place is considered potentially deficient, cores
shal | be obtained and tested in accordance with ASTM C 42. At
| east three representative cores shall be taken from each menber
or area of concrete in place that is considered potentially
deficient. The location of cores will be determ ned by the
Contracting O ficer to least inpair the strength of the structure.
Concrete in the area represented by the core testing will be
consi dered adequate if the average strength of the cores is equa
to at |east 85 percent of the specified strength requirenent and
if no single core is less than 75 percent of the specified
strength requirenent. Non-destructive tests (tests other than
test cylinders or cores) shall not be used as a basis for
acceptance or rejection. The Contractor shall performthe coring
and repair the holes. Cores will be tested by the Government.

Load Tests. |If the core tests are inconclusive or inpractical to
obtain or if structural analysis does not confirmthe safety of
the structure, |load tests may be directed by the Contracting
Oficer in accordance with the requirenents of AC 318/ 318R
Concrete work evaluated by structural analysis or by results of a
| oad test as being understrength shall be corrected in a nmanner
sati sfactory to the Contracting Officer. All investigations,
testing, load tests, and correction of deficiencies shall be
performed by and at the expense of the Contractor and nust be
approved by the Contracting O ficer, except that if all concrete
is found to be in conpliance with the drawi ngs and specifications,
the cost of investigations, testing, and |load tests will be at the
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expense of the Government.

1.7.2.2 Wat er-Cenent Ratio

Maxi mum wat er-cenment ratio (wc) for normal weight concrete shall be as
fol | ows:

WATER- CEMENT RATI O, BY VEI GHT STRUCTURE OR PORTI ON OF STRUCTURE

0. 45 All

These w/ c's may cause higher strengths than that required above for
conpressive or flexural strength. The maxinumw c required will be the
equi valent w c as determ ned by conversion fromthe weight ratio of water
to cement plus pozzol an, by the wei ght equival ency nethod as described in
ACl 211.1.

. 7.3 Ar Entrai nment

Air Entrai nment shall be required.

.7.4  Slunp

Slunmp of the concrete, as delivered to the point of placement into the

forns, shall be within the following limts. Slunmp shall be determ ned in
accordance with ASTM C 143.

Sl unp
Structural El enent M ni mum Maxi mum

Foundati on wal | s, substructure
wal I's, footings, slabs 5in. 6 in.

VWhen use of a plasticizing adm xture conformng to ASTM C 1017 or when a
Type F or G high range water reducing adm xture conformng to ASTMC 494 is
permtted to increase the slunp of concrete, concrete shall have a slunp of
2 to 4 inches before the adm xture is added and a maxi num sl unp of 8 inches
at the point of delivery after the adm xture is added.

. 7.5 Concrete Tenperature

The tenperature of the concrete as delivered shall not exceed 90 degrees F.
Concrete for the main water tank floor shall be placed at night between the
hours of 08:00 pm and 06: 00 AM

.7.6 Si ze of Coarse Aggregate

The | argest feasi ble nom nal maxi mum si ze aggregate (NMSA) specified in
par agr aph AGGREGATES shal |l be used in each placenment. However, nomi nal
maxi mum si ze of aggregate shall not exceed any of the foll ow ng:
three-fourths of the mnimum cover for reinforcing bars, three-fourths of
the m ni mum cl ear spaci ng between reinforcing bars, one-fifth of the
narrowest di nension between sides of forns, or one-third of the thickness
of sl abs or toppings.
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7.7 Speci al Properties and Products

Concrete may contain adm xtures other than air entraining agents, such as
wat er reducers, superplasticizers, or set retarding agents to provide
special properties to the concrete, if specified or approved. Any of these
materials to be used on the project shall be used in the mx design
studies. Adm xture manufacturer shall provide witten docunment show ng
conpatibility of all materials.

.7.8 Techni cal Service for Specialized Concrete

The services of a factory trained technical representative shall be
obt ai ned to oversee proportioning, batching, mxing, placing,

consol i dating, and finishing of concrete with HWR adm xture. A factory
trained technical representative shall be present on site for the

H gh- Range Water Reducer (HRWR) adnmi xture. The technical representative
shall be on the job full tine until the Contracting Oficer is satisfied
that field controls indicate concrete of specified quality is furnished and
that the Contractor's crews are capabl e of continued satisfactory work.

The technical representative shall be available for consultation with, and
advice to, Governnent forces.

.8 M XTURE PROPORTI ONS

Concrete shall be conposed of portland cenent, other cenentitious and
pozzol anic materials as specified, aggregates, water and adm xtures as
speci fi ed.

.8.1 Proportioning Studies for Normal Weight Concrete

Trial design batches, mxture proportioning studies, and testing

requi renents for various classes and types of concrete specified shall be
the responsibility of the Contractor. Except as specified for flexura
strength concrete, m xture proportions shall be based on conpressive
strength as determ ned by test specinens fabricated in accordance with ASTM
C 192/ C 192M and tested in accordance with ASTM C 39. Sanples of al
materials used in mxture proportioning studies shall be representative of
t hose proposed for use in the project and shall be acconpanied by the

manuf acturer's or producer’'s test reports indicating conpliance with these
specifications. Trial mxtures having proportions, consistencies, and air
content suitable for the work shall be nmade based on net hodol ogy descri bed
in ACl 211.1, using at least three different water-cenent ratios for each
type of mxture, which will produce a range of strength enconpassing those
required for each class and type of concrete required on the project. The
maxi mum wat er - cenment rati os required i n subparagraph Water-Cenment Ratio.
Laboratory trial mxtures shall be designed for maxi numpermtted slunp and
air content. Separate sets of trial mxture studies shall be made for each
conbi nati on of cenentitious materials and each conbi nation of adm xtures
proposed for use. No conbination of either shall be used until proven by
such studies, except that, if approved in witing and otherwi se permtted
by these specifications, an accelerator or a retarder may be used w t hout
separate trial mxture study. Separate trial mxture studies shall also be
made for concrete for any conveying or placing nethod proposed which

requi res special properties and for concrete to be placed in unusually
difficult placing | ocations. The tenperature of concrete in each trial
batch shall be reported. For each water-cenment ratio, at |east three test
cylinders for each test age shall be made and cured in accordance w t hASTM
C 192/ C 192M They shall be tested at 7 and 28 days in accordance with
ASTM C 39. Fromthese test results, a curve shall be plotted showi ng the
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rel ati onshi p between water-cenment ratio and strength for each set of tria
mx studies. |In addition, a curve shall be plotted show ng the

rel ati onship between 7 day and 28 day strengths. Each m xture shall be
designed to pronpote easy and suitable concrete placenment, consolidation and
finishing, and to prevent segregation and excessive bl eedi ng.

.8.2 Aver age Conpressive Strength Required for M xtures

The m xture proportions selected during m xture design studi es shal
produce a required average conpressive strength (f'cr) exceeding the

speci fied conpressive strength (f'c) by the anount indicated below This
requi red average conpressive strength, f'cr, will not be a required
acceptance criteria during concrete production. However, whenever the

dai ly average conpressive strength at 28 days drops below f'cr during
concrete production, or daily average 7-day strength drops bel ow a strength
correlated with the 28-day f'cr, the mxture shall be adjusted, as
approved, to bring the daily average back up to f'cr. During production
the required f'cr shall be adjusted, as appropriate, based on the standard
devi ation being attained on the job.

.8.2.1 Conput ati ons from Test Records

VWhere a concrete production facility has test records, a standard deviation
shal |l be established in accordance with the applicable provisions of AC
214. 3R Test records fromwhich a standard deviation is cal cul ated shal
represent materials, quality control procedures, and conditions simlar to
t hose expected; shall represent concrete produced to neet a specified
strength or strengths (f'c) within 1,000 psi of that specified for proposed
wor k; and shall consist of at |east 30 consecutive tests. A strength test
shal |l be the average of the strengths of two cylinders made fromthe sane
sanpl e of concrete and tested at 28 days. Required average conpressive
strength f'cr used as the basis for selection of concrete proportions shal
be the larger of the equations that follow using the standard deviation as
det er mi ned above:

f'cr = f'c + 1.34S where units are in psi

f'cr =f'c + 2.33S - 500 where units are in psi

VWiere S = standard devi ation

VWhere a concrete production facility does not have test records neeting the
requi renents above but does have a record based on 15 to 29 consecutive
tests, a standard deviation shall be established as the product of the

cal cul ated standard deviation and a nodification factor fromthe foll ow ng
tabl e:

MADI FI CATI ON FACTOR

NUMBER OF TESTS FOR STANDARD DEVI ATI ON
15 1.16
20 1.08
25 1.03

30 or nore 1.00

.8.2.2 Conput ati ons w t hout Previous Test Records

VWhen a concrete production facility does not have sufficient field strength
test records for calculation of the standard deviation, the required
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average strength f'cr shall be deternined as foll ows:
a. |If the specified conpressive strength f'c is |l ess than 3,000 psi,
f'cr = f'c + 1000 psi
b. |If the specified conpressive strength f'c is 3,000 to 5,000 psi,
f'ecr =f'c + 1,200 psi
c. |If the specified conpressive strength f'c is over 5,000 psi,
f'cr = f'c + 1,400 psi
1.9 STORAGE OF MATERI ALS

Cenment and other cenentitious materials shall be stored in weathertight
bui | di ngs, bins, or silos which will exclude noisture and contam nants and
keep each material conpletely separated. Aggregate stockpiles shall be
arranged and used in a manner to avoi d excessive segregation and to prevent
contam nation with other materials or with other sizes of aggregates.
Aggregate shall not be stored directly on ground unless a sacrificial |ayer
is left undisturbed. Reinforcing bars and accessories shall be stored
above the ground on platforns, skids or other supports. Oher materials
shall be stored in such a manner as to avoid contam nati on and
deterioration. Adm xtures which have been in storage at the project site
for Ionger than 6 nonths or which have been subjected to freezing shall not
be used unless retested and proven to neet the specified requirenents.
Material s shall be capable of being accurately identified after bundles or
cont ai ners are opened.

1.10 GOVERNMENT ASSURANCE | NSPECTI ON AND TESTI NG

Day-to day inspection and testing shall be the responsibility of the
Contractor Quality Control (CQC) staff. However, representatives of the
Contracting OFficer can and will inspect construction as considered
appropriate and will nonitor operations of the Contractor's CQC staff.
Governnment inspection or testing will not relieve the Contractor of any of
his CQC responsibilities.

1.10.1 Material s

The Governnment will sanple and test aggregates, cenentitious materials,
other materials, and concrete to deterni ne conpliance with the
specifications as considered appropriate. The Contractor shall provide
facilities and | abor as may be necessary for procurenent of representative
test sanples. Sanples of aggregates will be obtained at the point of
batching in accordance with ASTM D 75. Oher materials will be sanpl ed
fromstorage at the jobsite or fromother |ocations as considered
appropriate. Sanples may be placed in storage for later testing when
appropri ate.

1.10.2 Fresh Concrete

Fresh concrete will be sanpled as delivered in accordance with ASTM C 172
and tested in accordance with these specifications, as considered necessary.

1.10.3 Har dened Concrete

SECTI ON 03300 Page 13
( Am 0002)



WIRTANKS

Tests on hardened concrete will be performed by the Governnent when such
tests are considered necessary.

1.10.4 | nspection
Concrete operations may be tested and inspected by the Governnent as the
project progresses. Failure to detect defective work or material wll not
prevent rejection |ater when a defect is discovered nor will it obligate
the Governnent for final acceptance.

PART 2 PRODUCTS

2.1  CEMENTI TI QUS MATERI ALS

Cementitious Materials shall be portland cenent or portland-pozzol an and
shall conformto appropriate specifications |listed bel ow

2.1.1 Portl and Cenent

ASTM C 150, type Il including fal se set requirenents.
2.2 AGGREGATES

Aggregates shall conformto the foll ow ng
2.2.1 Fi ne Aggregate

Fi ne aggregate shall conformto the quality and gradation requirenents of
ASTM C 33.

2.2.2 Coar se Aggregate
Coarse aggregate shall conformto ASTM C 33, Cass 5S, size designation 67.
2.3 CHEM CAL ADM XTURES
Chemi cal adm xtures, when required or permtted, shall conformto the
appropriate specification listed. Adm xtures shall be furnished in liquid
formand of suitable concentration for easy, accurate control of dispensing.
2.3.1 Air-Entraining Adm xture
Air-Entrai ning Adm xture shall not be used.

2.3.2 Wt er - Reduci ng or Retarding Adm xture

ASTM C 494, Type A, B, or D, except that the 6-nonth and 1-year conpressive
and flexural strength tests are waived.

2.3.3 H gh- Range Water Reducer (HRWR

Eucon 37, Euclid chem cal conpany or approved equal | AWASTM C 494, Type F
or G except that the 6-nonth and 1-year strength requirenents are wai ved

2.3. 4 Evapor ati on Ret arder
Eucobar , Euclid Chem cal Conpany, or approved equal

2.3.5 Del ete
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3.6 Shri nkage Reduci ng Admi xture

Shri nkage Reduci ng Adm xture shall be Eclipse Shrinkage Reduci ng Admi xture,
by Grace Construction Products, or approved equal. Approved equal product
shal | be capabl e of 25% m ni mum reduction of wultimte drying shrinkage and
shal | be NSF approved for potable water tanks. Maximum reduction of
specified 28 day concrete conpressive strength shall be 15% (600 psi) to
3400 psi . The adm xture shall be formul ated and applied in accordance
with the manufacturer's recomendati ons.

.4 CURI NG MATERI ALS

4.1 | mper vi ous- Sheet

| mpervi ous-sheet materials shall conformto ASTM C 171, type optional
except, that polyethyl ene sheet shall not be used.

.4.2 Menbr ane- For mi ng Conpound

Menbr ane- For mi ng curing conpound shall not be used.

.4.3 Burl ap and Cotton Mat

Burl ap and cotton mat shall not be used.

.5  WATER

Water for mxing and curing shall be fresh, clean, potable, and free of
i njurious amounts of oil, acid, salt, or alkali, except that non-potable
water may be used if it neets the requirenments of COE CRD C 400

.6 NONSHRI NK GROUT

Nonshrink grout shall conformto ASTM C 1107, and shall be a commerci al
formul ation suitable for the proposed application

.7 LATEX MODI FI ED NONSAG MORTAR

Latex Modified Nonsag Mortar for Vertical Concrete Surface Repairs shall be
one of the followng materials (or approved equal)

Vertical Supreme, Euclid Chemical Conpany

Thorite Rapid Vertical, Bonded Manufacturing Conpany
Pol yf ast, Dayton Superior Conpany

Tamms Speed Crete

Approved equal material shall be |latex nodified nonsag cenent based nortar
suitable for vertical application without form ng, having a 7 day
conpressive strength of 5000 psi and flexural strength of 650 psi. Surface
preparation shall consist of sandbl asting, and nmechani cal scarifying of the
entire surface on which material is to be placed.

.8 LATEX BONDI NG AGENT

Latex agents for bonding fresh to hardened concrete shall conformto ASTM C
1059.
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2.9 EPOXY RESI N

Epoxy resins for use in repairs shall conformto ASTM C 881, Type V. G ade
and C ass as appropriate for application

2.10 VAPOR BARRI ER
Vapor barrier material shall have the follow ng properties:

M ni mum 15-m | tick pol yol efi n geomenbr ane

Manuf actured with 1SO certified virgin resins.

Wat er Vapor Retarder ASTM E 1745 neets or exceeds Class B requirenents with
foll owi ng nodi fication;

Per meance Rating ASTME 96 not exceedi ng 0.02 Perns

2.11  JA NT MATERI ALS
2.11.1 Joint Fillers, Sealers, and \Waterstops

Materials for expansion joints and waterstops shall be in accordance with
Section 03150 EXPANSI ON JO NTS, CONTRACTI ON JO NTS and joi nt seal ants for
expansi on j oi nts.

2.12 SYNTHETI C FI BERS FOR REI NFORCI NG

Concrete shall contain synthetic fibers conforming to ASTM C 1116, Type
I1l, Synthetic Fiber 7.5 Ibs per cy. Fibers shall be 100 percent virgin
pol ypropyl ene fibrillated fibers containing no reprocessed olefin
materials. Fibers shall have a specific gravity of 0.9, a mnimumtensile
strength of 70 ksi graded per manufacturer, and specifically manufactured
to an optimum gradati on for use as concrete secondary reinforcenent.

2.13 Evapor ati ve Retarder

Evaporative Retarder shall be spayed over the fresh concrete surface

i mediately after bullfloating of the concrete floor slab. The evaporative
retarder shall be Eucobar, by Euclid Chem cal Conpany or approved equal
Spray equi prent, m xing and application rate, installation shall be per
manuf acturers instructions. The evaporative retarder shall be used only to
prevent rapid evaporation of the concrete slab noisture and shall not be
used as a finishing aid.

PART 3 EXECUTI ON
3.1 PREPARATI ON FOR PLACI NG

Bef ore commenci ng concrete placenment, the followi ng shall be perforned.
Surfaces to receive concrete shall be clean and free fromnastic. Forns
shall be in place, cleaned, coated, and adequately supported. Reinforcing
steel shall be in place, cleaned, tied, and adequately supported, in
accordance with Section 03200 CONCRETE REI NFORCEMENT. Transporting and
conveyi ng equi pnent shall be in-place, ready for use, clean, and free of
har dened concrete and foreign material. Equipnent for consolidating
concrete shall be at the placing site and in proper working order

Equi prent and material for curing and for protecting concrete from weat her
or mechani cal damage shall be at the placing site, in proper working
condition and in sufficient amount for the entire placenment. Wen hot,

wi ndy conditions during concreting appear probable, equipnment and materi al
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shall be at the placing site to provi de w ndbreaks, shading, fogging, or
other action to prevent plastic shrinkage cracking or other damagi ng drying
of the concrete.

1.1 Foundat i ons
.1.1.1 Concrete on Earth Foundati ons

Earth (subgrade, base, or subbase courses) surfaces upon which concrete is
to be placed shall be clean, danp, and free fromdebris, and standing or
running water. Prior to placenent of concrete, the foundation shall be
wel | drained and shall be satisfactorily graded and uniformy conpacted.

1.2 Preparati on of Previously Placed Concrete

Concrete surfaces to which other concrete is to be bonded shall be abraded
in an approved nmanner that wll expose sound aggregate uniformy w thout
damagi ng the concrete. Laitance and | oose particles shall be renoved.
Apply epoxy bondi ng agent inmmediately prior to placi ng new concrete.

.2  CONCRETE PRODUCTI ON
2.1 Portabl e, Batching, Mxing, and Transporting Concrete

Al'l concrete shall be batched after sunset and before sunrise. Concrete
shall either be batched and m xed onsite by on-site batch plant and
transpoi |l ed accordance with ASTM C 94. Concrete truck m xers shall not be
used. Concrete shall be batched and m xed onsite, or close to onsite, and
shall conformto the foll ow ng subparagraphs.

.2.1.1 Cener al

The batching plant shall be | ocated on site in the general area approved by
the Contracting Oficer. The batching, m xing and pl aci ng system shal

have a capacity of at least 75 cubic yards per hour. The batching pl ant
shall conformto the requirenments of NRMCA CPMB 100 and as specified;
however, rating plates attached to batch plant equi pnent are not required.

.2.1.2 Bat chi ng Equi prent

The batching controls shall be sem automatic or automatic, as defined in
NRMCA CPMB 100. A sem automatic batching system shall be provided with

i nterlocks such that the discharge device cannot be actuated until the
indicated material is within the applicable tolerance. The batching system
shal | be equi pped with accurate recorder or recorders that neet the

requi renents of NRMCA CPMB 100. The weight of water and adm xtures shal

be recorded if batched by weight. Separate bins or conpartnments shall be
provi ded for each size group of aggregate and type of cenentitious
material, to prevent intermngling at any tinme. Aggregates shall be

wei ghed either in separate weigh batchers wi th individual scales or
provided the snmallest size is batched first, cunulatively in one weigh

bat cher on one scale. Aggregate shall not be weighed in the sanme batcher
with cementitious material. |If both portland cement and ot her cenentitious
material are used, they may be batched cunul atively, provided that the
portland cement is batched first, except that silica funme shall always be
bat ched separately. Water nmay be neasured by weight or volune. Water
shal |l not be weighed or neasured cunul atively w th another ingredient.
Filling and discharging valves for the water netering or batching system
shall be so interlocked that the discharge val ve cannot be opened before
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the filling valve is fully closed. Piping for water and for adm xtures
shall be free fromleaks and shall be properly valved to prevent backfl ow
or siphoning. Adm xtures shall be furnished as a liquid of suitable
concentration for easy control of dispensing. An adjustable, accurate,
mechani cal device for measuring and di spensi ng each adm xture shall be
provi ded. Each adm xture di spenser shall be interlocked with the batching
and di schargi ng operation of the water so that each adm xture is separately
bat ched and individually discharged automatically in a manner to obtain
uni formdistribution throughout the water as it is added to the batch in
the specified m xing period. Wen use of truck m xers makes this

requi renent inpractical, the adm xture di spensers shall be interlocked with
the sand batchers. Different adm xtures shall not be conbined prior to

i ntroduction in water and shall not be allowed to intermngle until in
contact with the cement. Adnmi xture dispensers shall have suitabl e devices
to detect and indicate flow during di spensing or have a neans for visua
observation. The plant shall be arranged so as to facilitate the

i nspection of all operations at all times. Suitable facilities shall be
provi ded for obtaining representative sanples of aggregates from each bin
or conpartment, and for sanpling and calibrating the dispensing of
cenmentitious material, water, and adm xtures. Filling ports for
cenmentitious materials bins or silos shall be clearly marked with a

per manent sign stating the contents.

3.2.1.3 Scal es

The wei ghi ng equi prent shall conformto the applicable requirements of CPMB
Concrete Plant Standard, and of N ST HB 44, except that the accuracy shal
be plus or minus 0.2 percent of scale capacity. The Contractor shal
provi de standard test wei ghts and any other auxiliary equi pment required
for checking the operating performance of each scal e or other measuring
devices. The tests shall be nade at the specified frequency in the
presence of a CGovernnent inspector. The weighing equi prent shall be
arranged so that the plant operator can conveniently observe all dials or

i ndi cators.

3.2.1.4 Port abl e Bat chi ng Tol erances

(A) Tol erances w th Wi ghing Equi prent

PERCENT OF REQUI RED

MATERI AL V\EI GHT
Cenentitious materials Oto plus 2
Aggr egat e plus or mnus 2
Wt er plus or mnus 1
Chemi cal adm xture Oto plus 6

(B) Tolerances with Volunetric Equi prent
For volumetric batching equi prent used for water and adm xtures, the
followi ng tol erances shall apply to the required volune of material being
bat ched:

PERCENT OF REQUI RED
MATERI AL MATERI AL

Wat er : plus or mnus 1 percent
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PERCENT OF REQUI RED
MATERI AL MATERI AL
Chemi cal adm xtures: O to plus 6 percent

3.2.1.5 Mbi sture Contr ol

The plant shall be capabl e of ready adjustnment to conpensate for the
varying noi sture content of the aggregates and to change the weights of the
mat eri al s bei ng bat ched.

3.2.1.6 Concrete M xers

M xers shall be stationary mxers. Mxers shall be capabl e of conbining
the materials into a uniformmxture and of discharging this m xture

wi t hout segregation. The m xers shall not be charged in excess of the
capacity recommended by the manufacturer. The m xers shall be operated at
the drum or m xi ng bl ade speed designated by the manufacturer. The m xers
shall be maintained in satisfactory operating condition, and the m xer
drunms shall be kept free of hardened concrete. Should any m xer at any

ti me produce unsatisfactory results, its use shall be pronptly discontinued
until it is repaired.

3.2.1.7 Stationary M xers

Concrete plant mxers shall be drumtype mixers of tilting, nontilting,

hori zontal -shaft, or vertical-shaft type, or shall be pug mll type and
shall be provided with an acceptable device to | ock the di scharge nechani sm
until the required mxing tine has elapsed. The mxing time and uniformty
shall conformto all the requirenents in ASTM C 94 applicable to

central -m xed concrete.

3.3 CONCRETE PRODUCTI ON, SMALL PRQIECTS

Bat ch-type equi prent shall be used for producing concrete. Ready-m xed
concrete shall be batched, m xed, and transported in accordance with ASTM C
94, except as otherwi se specified. Agitators, and nonagitating
transporting units shall conply with NRMCA TMVB 100. Ready-m x pl ant

equi prent and facilities shall be certified in accordance with NRMCA QC 3.
Approved batch tickets shall be furnished for each | oad of ready-m xed
concrete. Site-m xed concrete shall be produced in accordance with AC 301,
and plant shall conformto NRMCA CPMB 100.

3.4 FI BER RElI NFORCED CONCRETE

Fi ber reinforced concrete shall conformto ASTM C 1116 and as fol | ows,
using the fibers specified in PART 2. A mnimmof 1.5 pounds of fibers
per cubic yard of concrete shall be used. Fibers shall be added at the
batch plant. Toughness indices shall nmeet requirenments for performance
level | of ASTM C 1116. The services of a qualified technical
representative shall be provided to instruct the concrete supplier in
proper batching and m xing of materials to be provided.

3.5  TRANSPORTI NG CONCRETE TO PRQIECT SI TE
Concrete shall be transported to the placing site in agitators,

nonagitating transporting equi pnent conform ng to NRMCA TWMB 100 or by
approved punpi ng equi pnent or conveyors.
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6 CONVEYI NG CONCRETE ON SI TE

Concrete shall be conveyed from m xer or transporting unit to fornms as
rapidly as possible and within the time interval specified by nethods which
wi Il prevent segregation or |loss of ingredients using follow ng equi pment.
Conveyi ng equi pnent shall be cl eaned before each pl acenent.

.6.1 Bucket s

The interior hopper slope shall be not |less than 58 degrees fromthe

hori zontal, the m ni num di nensi on of the clear gate opening shall be at
least 5 tines the nom nal maxi mum size aggregate, and the area of the gate
openi ng shall not be less than 2 square feet. The maxi mum di nensi on of the
gat e opening shall not be greater than twi ce the m ni mum di nension. The
bucket gates shall be essentially grout tight when closed and nmay be

manual |y, pneumatically, or hydraulically operated except that buckets

| arger than 2 cubic yardsshall not be manually operated. The design of the
bucket shall provide neans for positive regulation of the amount and rate
of deposit of concrete in each dunping position

.6.2 Transfer Hoppers

Concrete may be charged into nonagitating hoppers for transfer to other
conveyi ng devi ces. Transfer hoppers shall be capable of receiving concrete
directly fromdelivery vehicles and shall have conical - shaped di scharge
features. The transfer hopper shall be equipped with a hydraulically
operated gate and with a neans of external vibration to effect conplete

di scharge. Concrete shall not be held in nonagitating transfer hoppers
nore than 30 m nutes.

.6.3 Chut es

VWhen concrete can be placed directly froma truck m xer, agitator, or
nonagi tati ng equi pnent, the chutes normally attached to this equi pnment by
t he manufacturer may be used. A discharge deflector shall be used when
required by the Contracting Officer. Separate chutes and other simlar
equi pmrent will not be pernmitted for conveying concrete.

.6.4 Belt Conveyors

Belt conveyors shall be designed and operated to assure a uniformfl ow of
concrete frommxer to final place of deposit w thout segregation of
ingredients or loss of nortar and shall be provided with positive neans,
such as discharge baffle or hopper , for preventing segregation of the
concrete at the transfer points and the point of placing. Belt conveyors
shal |l be constructed such that the idler spacing shall not exceed 36 inches.
The belt speed shall be a mnimumof 300 feet per minute and a maxi mum of
750 feet per mnute. |If concrete is to be placed through installed
hori zontal or sloping reinforcing bars, the conveyor shall discharge
concrete into a pipe or elephant truck that is |ong enough to extend
t hrough the reinforcing bars.

.6.5 Concrete Punps

Concrete may be conveyed by positive displacenment punp when approved. The
punpi ng equi pnent shall be piston or squeeze pressure type; pneumatic

pl aci ng equi pnent shall not be used. The pipeline shall be rigid stee

pi pe or heavy-duty flexible hose. The inside dianeter of the pipe shall be
at least 3 times the nom nal maxi num size coarse aggregate in the concrete
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m xture to be punped but not |ess than 4 inches. Al um num pi pe shall not
be used.

.7 PLACI NG CONCRETE

M xed concrete shall be discharged within 1-1/2 hours or before the m xer
drum has revol ved 300 revol uti ons, whichever cones first after the

i ntroduction of the mxing water to the cenment and aggregates. When the
concrete tenperature exceeds 85 degrees F, the tine shall be reduced to 45
m nutes. Concrete shall be placed within 15 mnutes after it has been

di scharged fromthe transporting unit. Concrete shall be handled from

m xer or transporting unit to forns in a continuous manner until the
approved unit of operation is conpleted. Adequate scaffolding, ranps and
wal kways shall be provided so that personnel and equi pnment are not
supported by in-place reinforcenent. Placing will not be permtted when
the sun, heat, wind, or limtations of facilities furnished by the
Contractor prevent proper consolidation, finishing and curing. Sufficient
pl aci ng capacity shall be provided so that concrete can be kept free of
cold joints.

7.1 Depositing Concrete

Concrete shall be deposited as close as possible to its final position in
the forms, and there shall be no vertical drop greater than 5 feet except
where suitable equipnment is provided to prevent segregati on and where
specifically authorized. Depositing of the concrete shall be so regul ated
that it will be effectively consolidated in horizontal |ayers not nore than
12 inches thick, except that all slabs shall be placed in a single |ayer.
Concrete to receive other construction shall be screeded to the proper

| evel . Concrete shall be deposited continuously in one layer or in layers
so that fresh concrete is deposited on in-place concrete that is stil
plastic. Fresh concrete shall not be deposited on concrete that has
hardened sufficiently to cause formati on of seans or planes of weakness
within the section. Concrete that has surface dried, partially hardened,
or contains foreign material shall not be used. Wen tenporary spreaders
are used in the forms, the spreaders shall be renobved as their service
becomes unnecessary. Concrete shall not be placed in slabs over col ums
and wall's until concrete in colums and walls has been in-place at |east
two hours or until the concrete begins to lose its plasticity. Concrete
for beams, girders, brackets, colum capitals, haunches, and drop panels
shall be placed at the same tinme as concrete for adjoining slabs.

.7.2 Consol i dati on

| mredi ately after placing, each |ayer of concrete shall be consolidated by
internal vibrators, except for slabs 4 inches thick or Iess. The vibrators
shall at all times be adequate in effectiveness and nunber to properly
consol idate the concrete; a spare vibrator shall be kept at the jobsite
during all concrete placing operations. The vibrators shall have a
frequency of not | ess than 10,000 vi brations per mnute, an anplitude of at
| east 0.025 inch, and the head di ameter shall be appropriate for the
structural nenber and the concrete m xture being placed. Vibrators shal

be inserted vertically at uniform spacing over the area of placenent. The
di stance between insertions shall be approximately 1-1/2 tinmes the radius
of action of the vibrator so that the area being vibrated will overlap the
adj acent just-vibrated area by a reasonable amount. The vibrator shal
penetrate rapidly to the bottomof the layer and at [ east 6 inches into the
preceding layer if there is such. Vibrator shall be held stationary until
the concrete is consolidated and then vertically withdrawn slowWy while
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operating. Formvibrators shall not be used unless specifically approved
and unless forns are constructed to withstand their use. Vibrators shal
not be used to nove concrete within the forns. Slabs 4 inches and less in
t hi ckness shall be consolidated by properly designed vibrating screeds or
ot her approved technique. Excessive vibration of |ightweight concrete
resulting in segration or flotation of coarse aggregate shall be prevented.

Frequency and anplitude of vibrators shall be determ ned in accordance
with COE CRD-C 521. G ate tanpers ("jitterbugs”) shall not be used

. 7.3 Hot Weat her Requirenents

Concrete shall be place at night. Wen the anbient tenperature during
concrete placing is expected to exceed 85 degrees F, the concrete shall be
pl aced and finished with procedures previously submtted and as specified
herein. The concrete tenperature at tinme of delivery to the forns shal

not exceed the tenperature shown in the table bel ow when neasured in
accordance with ASTM C 1064/ C 1064M Cooling of the m xing water or
aggregates or placing concrete in the cooler part of the day may be
required to obtain an adequate placing tenperature. A retarder may be
used, as approved, to facilitate placing and finishing. Steel forms and
rei nforcements shall be cool ed as approved prior to concrete placenent when
steel tenperatures are greater than 120 degrees F. Conveying and pl aci ng
equi prent shall be cooled if necessary to maintain proper concrete-placing
t enper at ur e.

Maxi mum Al | owabl e Concrete Pl aci ng Tenperat ure

Rel ative Hum dity, Percent, Maxi mum Al | owabl e Concrete
During Time of Tenperature
Concrete Pl acenent Degr ees
G eater than 60 90 F
40- 60 85 F
Less than 40 80 F

. 7.4 Prevention of Plastic Shrinkage Cracking

During hot weather with | ow humidity, and particularly with appreciable

wi nd, the Contractor shall be alert to the tendency for plastic shrinkage
cracks to devel op and shall institute neasures to prevent this. Particular
care shall be taken if plastic shrinkage cracking is potentially imm nent
and especially if it has devel oped during a previous placenment. Periods of
hi gh potential for plastic shrinkage cracking can be anticipated by use of
Fig. 2.1.5 of ACl 305R In addition the concrete placenment shall be
further protected by erecting shades and w ndbreaks and by applying fog
sprays of water, sprinkling, ponding or wet covering. Plastic shrinkage
cracks that occur shall be filled by injection of epoxy resin as directed,
after the concrete hardens. Plastic shrinkage cracks shall never be
trowel ed over or filled with slurry.

.8 JANTS
Joints shall be |ocated and constructed only as indicated or approved.
.8.1 Construction Joints

Construction joints are not permtted.
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3.8.2 Contraction Joints in Slabs on G ade
There are no contraction joints for the tank slab
3.8.3 Expansi on Joints

Installati on of expansion joints and sealing of these joints shall conform
to the requirenents of Section 03150 EXPANSI ON JO NTS.

3.8.4 Dowel s and Tie Bars

Dowel s and tie bars shall be installed at the | ocations shown on the

drawi ngs and to the details shown, using materials and procedures specified
in Section 03200 CONCRETE REI NFORCEMENT and herein. Conventional snooth
"pavi ng" dowels shall be installed in slabs using approved nethods to hold
the dowel in place during concreting within a maxi num alignment tol erance
of 1/8 inch in 12 inches. "Structural" type defornmed bar dowels, or tie
bars, shall be installed to neet the specified tol erances. Care shall be
taken during placing adjacent to and around dowels and tie bars to ensure
there is no displacenment of the dowel or tie bar and that the concrete
conpl etely enbeds the dowel or tie bar and is thoroughly consolidated.

3.9 FI NI SHI NG FORVMED SURFACES

Fi ni shing of formed surfaces shall be as specified herein. Unless another
type of architectural or special finish is specified, surfaces shall be
left with the texture inparted by the forns except that defective surfaces
shall be repaired. Unless painting of surfaces is required, uniform col or
of the concrete shall be maintained by use of only one m xture w thout
changes in materials or proportions for any structure or portion of
structure that requires a Cass A or B finish. Except for major defects,
as defined hereinafter, surface defects shall be repaired as specified
herein within 24 hours after forns are renoved. Repairs of the so-called
"plaster-type" will not be permitted in any | ocation. Tolerances of forned
surfaces shall conformto the requirenents of ACI 117/117R These

tol erances apply to the finished concrete surface, not to the forns

t hensel ves; forms shall be set true to line and grade. Formtie holes
requiring repair and other defects whose depth is at |east as great as
their surface dianeter shall be repaired as specified in paragraph

Danp- Pack Mortar Repair. Defects whose surface dianmeter is greater than
their depth shall be repaired as specified in paragraph Repair of Mjor
Defects. Repairs shall be finished flush with adjacent surfaces and with
the sane surface texture. The cenment used for all repairs shall be a bl end
of job cenent with white cenment proportioned so that the final color after
curing and aging will be the same as the adjacent concrete. Concrete with
excessi ve honeyconb, or other defects which affect the strength of the
menber, will be rejected. Repairs shall be denonstrated to be acceptable
and free fromcracks or |oose or drummy areas at the conpletion of the
contract and, for Cass A and B Finishes, shall be inconspicuous. Repairs
not meeting these requirenments will be rejected and shall be replaced.

3.9.1 Cl ass B Finish

Cass Bfinish is required to all formed concrete surfaces. Fins,
ravel i ngs, and | oose material shall be renoved, all surface defects over
1/2 inch in dianeter or nmore than 1/2 inch deep, shall be repaired and,
except as otherwi se indicated. Defects nore than 1/2 inch in dianeter
shal |l be cut back to sound concrete, but in all cases at least 1 inch deep
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The Contractor shall prepare a sanple panel for approval (as specified in
PART 1) before comencing repair, showi ng that the surface texture and
color match will be attained.

.9.2 Smoot h Fi ni sh

After other concrete construction is conplete in each overall separate
contiguous area of the structure, snooth finish shall be applied to the
areas indicated on the drawings. A nortar m x consisting of one part
portland cement and two parts well-graded sand passing a No. 30 sieve, with
wat er added to give the consistency of thick paint, shall be used. Were
the finished surface will not receive other applied surface, white cenment
shall be used to replace part of the job cenent to produce an approved

col or, which shall be uniformthroughout the surfaces of the structure.
After the surface has been thoroughly wetted and all owed to approach
surface dryness, the nortar shall be vigorously applied to the area by

cl ean burlap pads or by cork or wood-floating, to completely fill all
surface voids. Excess grout shall be scraped off with a trowel. As soon
as it can be acconplished without pulling the nortar fromthe voids, the
area shall be rubbed with burlap pads having on their surface the sane
sand-cement m x specified above but w thout any m xing water, until all of
the visible grout filmis renmoved. The burlap pads used for this operation
shal |l be stretched tightly around a board to prevent dishing the nortar in
the voids. The finish of any area shall be conpleted in the sanme day, and
the limts of a finished area shall be made at natural breaks in the
surface. The surface shall be continuously noist cured for 48 hours
commenci ng i nmedi ately after finishing operations in each area. The
tenperature of the air adjacent to the surface shall be not |ess than 50
degrees F for 24 hours prior to, and 48 hours after, the application. In
hot, dry weather the snmooth finish shall be applied in shaded areas or at
ni ght, and shall never be applied when there is significant hot, dry wi nd.

.10 REPAIRS
.10.1 Danp- Pack Mortar Repair

Formtie holes requiring repair and other defects whose depth is at | east
as great as their surface dianmeter but not over 4 inches shall be repaired
by the danp-pack nortar nmethod. Formtie holes shall be reamed and ot her
simlar defects shall be cut out to sound concrete. The void shall then be
t hor oughl y cl eaned, thoroughly wetted, brush-coated with a thin coat of

neat cenent grout and filled with nortar. Mortar shall be a stiff mx of 1
part portland cement to 2 parts fine aggregate passing the No. 16 mesh
sieve, and m ni mum anmount of water. Only sufficient water shall be used to
produce a nortar which, when used, will stick together on being nolded into
a ball by a slight pressure of the hands and will not exude water but wll

| eave the hands danp. Mrtar shall be nmixed and allowed to stand for 30 to
45 mnutes before use with rem xing performed i mediately prior to use
Mortar shall be thoroughly tanped in place in thin layers using a hanmer
and hardwood bl ock. Holes passing entirely through walls shall be
conpletely filled fromthe inside face by forcing nortar through to the
outside face. Al holes shall be packed full. Danp-pack repairs shall be
noi st cured for at |east 48 hours.

.10.2 Repair of Major Defects
Maj or defects will be considered to be those nore than 1/2 inch deep or,

for Class A and B finishes, nore than 1/2 inch in dianeter and, for Cass C
and D finishes, nore than 2 inches in dianeter. Also included are any
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defects of any kind whose depth is over 4 inches or whose surface dianeter
is greater than their depth. Major defects shall be repaired as specified
bel ow.

.10.2.1 Surface Application of Mirtar Repair

Def ective concrete shall be renoved, and renoval shall extend into

conpl etely sound concrete. Approved equi pment and procedures which will

not cause cracking or mcrocracking of the sound concrete shall be used.

If reinforcement is encountered, concrete shall be renmobved so as to expose
the reinforcenent for at least 2 inches on all sides. Al such defective
areas greater than 12 square inchesshall be outlined by saw cuts at least 1
inch deep. Defective areas |less than 12 square inches shall be outlined
by a 1 inch deep cut with a core drill in lieu of sawing. Al saw cuts
shall be straight lines in a rectangular pattern in line with the fornmork
panels. After concrete renoval, the surface shall be thoroughly cleaned by
hi gh pressure washing to renove all |oose material. Surfaces shall be kept
continually saturated for the first 12 of the 24 hours i medi ately before
pl acing nortar and shall be danp but not wet at the tine of conmmenci ng
nortar placenent. The Contractor, at his option, may use either
hand- pl aced nortar or nortar placed with a nortar gun. |f hand-pl aced
nortar is used, the edges of the cut shall be perpendicular to the surface
of the concrete. The prepared area shall be brush-coated with a thin coat
of neat cement grout. The repair shall then be made using a stiff nortar
preshrunk by allow ng the mxed nortar to stand for 30 to 45 m nutes and

then rem xed, thoroughly tanped into place in thin layers. |f hand-pl aced
nortar is used, the Contractor shall test each repair area for drunmm ness
by firmtapping with a hamer and shall inspect for cracks, both in the

presence of the Contracting Officer's representative, inmedi ately before
conpl etion of the contract, and shall replace any show ng drumr ness or
cracking. If nortar placed with a nortar gun is used, the gun shall be a
smal | conpressed air-operated gun to which the nortar is slowy hand fed
and which applies the nortar to the surface as a hi gh-pressure stream as
approved. Repairs made using shotcrete equiprment will not be accepted.
The nortar used shall be the sanme nortar as specified for danp-pack nortar
repair. |If gun-placed nortar is used, the edges of the cut shall be
bevel ed toward the center at a slope of 1:1. Al surface applied nortar
repairs shall be continuously noist cured for at |east 7 days. Mbist
curing shall consist of several l|layers of saturated burlap applied to the
surface imedi ately after placenent is conplete and covered with

pol yet hyl ene sheeting, all held closely in place by a sheet of plywod or
simlar material rigidly braced against it. Burlap shall be kept
continually wet.

.10.2.2 Repair of Deep and Large Defects

Deep and | arge defects will be those that are nore than 6 i nches deep and
al so have an average dianeter at the surface nore than 18 inches or that
are otherwise so identified by the Project Ofice. Such defects shall be
repaired as specified herein or directed, except that defects which affect
the strength of the structure shall not be repaired and that portion of the
structure shall be conpletely renoved and replaced. Deep and |large defects
shal |l be repaired by procedures approved in advance including formng and
pl aci ng speci al concrete using applied pressure during hardening.
Preparation of the repair area shall be as specified for surface
application of nortar. |In addition, the top edge (surface) of the repair
area shall be sloped at approximately 20 degrees fromthe horizontal

upward toward the side fromwhich concrete will be placed. The speci al
concrete shall be a concrete mxture with | ow water content and | ow sl unp,
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and shall be allowed to age 30 to 60 minutes before use. Concrete

contai ning a specified expandi ng adm xture may be used in lieu of the above
m xture; the paste portion of such concrete m xture shall be designed to
have an expansi on between 2.0 and 4.0 percent when tested in accordance
with ASTM C 940. A full width "chi mey" shall be provided at the top of
the formon the placing side to ensure filling to the top of the opening.

A pressure cap shall be used on the concrete in the chimey wth

si mul t aneous tightening and revibrating the formduring hardening to ensure
atight fit for the repair. The formshall be renoved after 24 hours and

i medi ately the chi mey shall be carefully chi pped away to avoid breaking
concrete out of the repair; the surface of the repair concrete shall be
dressed as required.

3.11 FI' NI SHI NG UNFORVED SURFACES

The finish of all unformed surfaces shall neet the requirenents of
par agraph Tol erances in PART 1, when tested as specified herein.

3.11.1 CGener a

In hot weather all requirenents of paragraphs Hot Wather Requirenents and
Prevention of Plastic Shrinkage Cracking shall be met. Unformed surfaces
that are not to be covered by additional concrete or backfill shall have a
float finish, with additional finishing as specified below, and shall be
true to the elevation shown on the drawings. Surfaces to receive
addi ti onal concrete or backfill shall be brought to the el evati on shown on
t he draw ngs, properly consolidated, and left true and regular. Unless

ot herwi se shown on the draw ngs, exterior surfaces shall be sloped for

drai nage, as directed. Where drains are provided, interior floors shall be
evenly sloped to the drains. Joints shall be carefully nade with a
jointing or edging tool. The finished surfaces shall be protected from
stains or abrasions. Gate tanpers or "jitterbugs" shall not be used for
any surfaces. The dusting of surfaces with dry cenment or other materials
or the addition of any water during finishing shall not be permtted. |If
bl eedwater is present prior to finishing, the excess water shall be
careful ly dragged off or renmoved by absorption with porous materials such
as burlap. During finishing operations, extrene care shall be taken to
prevent over finishing or working water into the surface; this can cause
"crazing" (surface shrinkage cracks which appear after hardening) of the
surface. Any slabs with surfaces which exhibit significant crazing shal
be renoved and replaced. During finishing operations, surfaces shall be
checked with a 10 foot straightedge, applied in both directions at regular
intervals while the concrete is still plastic, to detect high or |ow areas.

3.11.2 Rough Sl ab Fini sh

As a first finishing operation for unformed surfaces and as final finish
for slabs to receive nortar setting beds, the surface shall receive a rough
slab finish prepared as follows. The concrete shall be uniformy placed
across the slab area, consolidated as previously specified, and then
screeded with straightedge strikeoffs i mediately after consolidation to
bring the surface to the required finish level with no coarse aggregate
visible. Side forns and screed rails shall be provided, rigidly supported,
and set to exact line and grade. Allowable tolerances for finished
surfaces apply only to the hardened concrete, not to fornms or screed rails.

Forms and screed rails shall be set true to Iine and grade. "Wt screeds”
shal | not be used.

3.11.3 Fl oat ed Fi ni sh
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Slabs to receive nore than a rough slab finish shall next be given a wood
float finish. The screeding shall be followed i nmedi ately by darbyi ng or
bull floating before bleeding water is present, to bring the surface to a
true, even plane. Then, after the concrete has stiffened so that it wll

wi thstand a man's weight without inprint of nore than 1/4 inch and the

wat er sheen has di sappeared, it shall be floated to a true and even pl ane
free of ridges. Floating shall be performed by use of suitable hand floats
or power driven equipnment. Sufficient pressure shall be used on the floats
to bring a filmof noisture to the surface. Hand floats shall be nade of
wood, magnesium or alum num Lightweight concrete or concrete that

exhi bits stickiness shall be floated with a magnesiumfloat. Care shall be
taken to prevent over-finishing or incorporating water into the surface.

3.11. 4 Trowel ed Fi ni sh

Al tank floor slabs shall be given a trowel finish. After floating is
conplete and after the surface noisture has di sappeared, unfornmed surfaces
shall be steel-troweled to a snooth, even, dense finish, free from

bl em shes including trowel marks. In lieu of hand finishing, an approved
power finishing machine may be used in accordance with the directions of

t he machi ne manufacturer. Additional trowelings shall be perforned, either
by hand or machine until the surface has been troweled 4 tines, with

wai ting period between each. Care shall be taken to prevent blistering and
if such occurs, troweling shall imrediately be stopped and operations and
surfaces corrected. A final hard steel troweling shall be done by hand,
with the trowel tipped, and using hard pressure, when the surface is at a
point that the trowel wll produce a ringing sound. The finished surface
shal | be thoroughly consolidated and shall be essentially free of trowel
mar ks and be uniformin texture and appearance. The concrete m xture used
for troweled finished areas shall be adjusted, if necessary, in order to
provide sufficient fines (cenentitious material and fine sand) to finish

properly.
3.12 CURI NG AND PROTECTI ON

3.12.1 Cener al

Concrete shall be cured by total imersion of water 60 days after concrete
fini shing.

3.12.2 | mrer si on Curing
Concrete slab for sunp pit area slab shall be used wi th inpetuous sheeting
and continuous m st spraying. The main concrete slab shall be cured by.
continuous inmersed with 1 inches to 2 inches of potable water inmediately
after finishing the concrete slab for a period of 60 days.

3.13  SETTI NG BASE PLATES AND BEARI NG PLATES

3.13.1 Nonshri nk G out

Nonshrink grout shall be a ready-m xed material requiring only the addition
of water. Water content shall be the minimumthat will provide a flowable
m xture and conpletely fill the space to be grouted w thout segregation

bl eedi ng, or reduction of strength.

3.13.1.1 M xi ng and Pl aci ng of Nonshrink G out
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M xi ng and pl aci ng shall be in conformance with the material manufacturer's
instructions and as specified therein. Ingredients shall be thoroughly
dry-m xed before adding water. After adding water, the batch shall be

m xed for 3 mnutes. Batches shall be of size to allow continuous

pl acenent of freshly m xed grout. Gout not used within 30 m nutes after

m xi ng shall be discarded. The space between the top of the concrete or
machi nery-bearing surface and the plate shall be filled solid with the
grout. Fornms shall be of wood or other equally suitable material for
conpletely retaining the grout on all sides and on top and shall be renoved
after the grout has set. The placed grout shall be carefully worked by
roddi ng or other nmeans to elimnate voids; however, overworking and
breakdown of the initial set shall be avoided. Gout shall not be
retenpered or subjected to vibration fromany source. Were clearances are
unusual ly small, placenent shall be under pressure with a grout punp.
Tenperature of the grout, and of surfaces receiving the grout, shall be

mai ntai ned at 65 to 85 degrees F until after setting.

3.13.1.2 Treat ment of Exposed Surfaces

For nmetal - oxi di zi ng nonshrink grout, exposed surfaces shall be cut back 1
inch and inmedi ately covered with a parge coat of nortar consisting of 1
part portland cement and 2-1/2 parts fine aggregate by weight, with
sufficient water to make a plastic mxture. The parge coat shall have a
snooth finish. For other nortars or grouts, exposed surfaces shall have a
snoot h-dense finish and be left untreated. Curing shall conply with

par agr aph CURI NG AND PROTECTI ON.

3.14 TESTI NG AND | NSPECTI ON FOR CONTRACTOR QUALI TY CONTROL

The Contractor shall performthe inspection and tests described bel ow and,
based upon the results of these inspections and tests, shall take the
action required and shall submt specified reports. When, in the opinion
of the Contracting Oficer, the concreting operation is out of control
concrete placenent shall cease and the operation shall be corrected. The

| aboratory performng the tests shall be onsite and shall conformw th ASTM
C 1077. Materials may be subjected to check testing by the Governnent from
sanpl es obtai ned at the manufacturer, at transfer points, or at the project
site. The Governnment will inspect the |aboratory, equipnent, and test
procedures prior to start of concreting operations for conformance with
ASTM C 1077.

3.14.1 Grading and Corrective Action
3.14.1.1 Fi ne Aggregate

At | east once during each shift when the concrete plant is operating, there
shal | be one sieve analysis and fineness nodul us determ nation in
accordance with ASTM C 136 and CCE CRD-C 104 for the fine aggregate or for
each fine aggregate if it is batched in nore than one size or
classification. The location at which sanples are taken may be sel ected by
the Contractor as the nobst advantageous for control. However, the
Contractor is responsible for delivering fine aggregate to the mxer within
specification limts. Wen the amount passing on any sieve is outside the
specification limts, the fine aggregate shall be innmedi ately resanpl ed and
retested. |If there is another failure on any sieve, the fact shal

i medi ately reported to the Contracting O ficer, concreting shall be
stopped, and inmedi ate steps taken to correct the grading.

3.14. 1.2 Coar se Aggregate
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At | east once during each shift in which the concrete plant is operating,
there shall be a sieve analysis in accordance with ASTM C 136 for each size
of coarse aggregate. The |location at which sanples are taken may be
sel ected by the Contractor as the nost advantageous for production control
However, the Contractor shall be responsible for delivering the aggregate
to the mxer within specification limts. A test record of sanples of
aggregate taken at the sane locations shall show the results of the current
test as well as the average results of the five nost recent tests including
the current test. The Contractor may adopt limts for control coarser than
the specification limts for sanples taken other than as delivered to the
m xer to allow for degradation during handling. Wen the anmunt passing
any sieve is outside the specification limts, the coarse aggregate shal
be i medi ately resanpled and retested. |If the second sanple fails on any
sieve, that fact shall be reported to the Contracting Oficer. Wuere tw
consecutive averages of 5 tests are outside specification limts, the
operation shall be considered out of control and shall be reported to the
Contracting O ficer. Concreting shall be stopped and i medi ate steps shal
be taken to correct the grading.

.14.2 Quality of Aggregates

Thirty days prior to the start of concrete placenent, the Contractor shal
performall tests for aggregate quality required by ASTM C 33. In
addition, after the start of concrete placenent, the Contractor shal
performtests for aggregate quality at |east every three nonths, and when

t he source of aggregate or aggregate quality changes. Sanples tested after
the start of concrete placenent shall be taken inmediately prior to
entering the concrete m xer

.14.3 Scal es, Batching and Recordi ng

The accuracy of the scales shall be checked by test weights prior to start
of concrete operations and at | east once every three nonths. Such tests
shall al so be nade as directed whenever there are variations in properties
of the fresh concrete that could result frombatching errors. Once a week
t he accuracy of each batching and recording device shall be checked during
a wei ghi ng operation by noting and recording the required weight, recorded
wei ght, and the actual weight batched. At the sane tinme, the Contractor
shall test and ensure that the devices for dispensing adni xtures are
operating properly and accurately. Wen either the weighing accuracy or
bat chi ng accuracy does not conmply with specification requirenents, the

pl ant shall not be operated until necessary adjustnments or repairs have
been nade. Discrepancies in recording accuracies shall be corrected

i medi at el y.

.14. 4 Bat ch- Pl ant Contr ol

The nmeasurenent of concrete materials including cenentitious materials,
each size of aggregate, water, and adm xtures shall be continuously
controll ed. The aggregate wei ghts and anount of added water shall be

adj usted as necessary to conpensate for free noisture in the aggregates.
The anmount of air-entraining agent shall be adjusted to control air content
within specified limts. A report shall be prepared indicating type and
source of cement used, type and source of pozzolan or slag used, anount and
source of adm xtures used, aggregate source, the required aggregate and

wat er wei ghts per cubic yard, anount of water as free noisture in each size
of aggregate, and the batch aggregate and water wei ghts per cubic yard for
each cl ass of concrete batched during each day's plant operation
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3.14.5 Concrete M xture

a. Air Content Testing. Air content tests shall be made when test
specimens are fabricated. In addition, at least tw tests for air
content shall be nade on randomy sel ected batches of each
separate concrete m xture produced during each 8-hour period of
concrete production. Additional tests shall be nmade when
excessive variation in workability is reported by the placing
foreman or Government inspector. Tests shall be nmade in
accordance with ASTM C 878. Test results shall be plotted on
control charts which shall at all times be readily available to
the Governnment and shall be submitted weekly. Copies of the
current control charts shall be kept in the field by testing crews
and results plotted as tests are nmade. Wien a single test result
reaches either the upper or lower action limt, a second test
shall imedi ately be made. The results of the two tests shall be
averaged and this average used as the air content of the batch to
pl ot on both the air content and the control chart for range, and
for determ ning need for any renedial action. The result of each
test, or average as noted in the previous sentence, shall be
plotted on a separate control chart for each m xture on which an
"average line" is set at the mdpoint of the specified air content
range from paragraph Air Entrainment. An upper warning limt and
a lower warning limt line shall be set 1.0 percentage point above
and bel ow the average |line, respectively. An upper action limt
and a lower action limt line shall be set 1.5 percentage points
above and bel ow the average line, respectively. The range between
each two consecutive tests shall be plotted on a secondary control
chart for range where an upper warning limt is set at 2.0
percent age points and an upper action limt is set at 3.0
percentage points. Sanples for air content may be taken at the
m xer, however, the Contractor is responsible for delivering the
concrete to the placenent site at the stipulated air content. If
the Contractor's materials or transportation nethods cause air
content |oss between the nmixer and the placenment, correlation
sanmpl es shall be taken at the placenent site as required by the
Contracting O ficer, and the air content at the m xer controlled
as directed.

b. Air Content Corrective Action. \Wenever points on the control
chart for percent air reach either warning limt, an adjustnent
shal |l imediately be made in the amount of air-entraining
adm xture batched. As soon as practical after each adjustnent,
anot her test shall be made to verify the result of the adjustnent.

VWhenever a point on the secondary control chart for range reaches
the warning limt, the adm xture di spenser shall be recalibrated
to ensure that it is operating accurately and with good
reproduci bility. Wenever a point on either control chart reaches
an action limt line, the air content shall be considered out of
control and the concreting operation shall imrediately be halted
until the air content is under control. Additional air content
tests shall be nmade when concreting is restarted.

c. Slunp Testing. In addition to slunp tests which shall be nade
when test specinmens are fabricated, at |east four slunmp tests
shal |l be made on randomy sel ected batches in accordance with ASTM
C 143 for each separate concrete m xture produced during each
8-hour or less period of concrete production each day. Al so,
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additional tests shall be nade when excessive variation in
workability is reported by the placing foreman or Gover nnment

i nspector. Test results shall be plotted on control charts which
shall at all times be readily available to the Governnent and
shall be submtted weekly. Copies of the current control charts
shall be kept in the field by testing crews and results plotted as
tests are made. Wen a single slunp test reaches or goes beyond
ei ther the upper or lower action |limt, a second test shal

i medi ately be nade. The results of the two tests shall be
averaged and this average used as the slunp of the batch to plot
on both the control charts for slunp and the chart for range, and
for determ ning need for any renedial action. Limts shall be set
on separate control charts for slunp for each type of m xture.

The upper warning limt shall be set at 1/2 inch bel ow t he maxi mum
al I owabl e sl unp specified in paragraph Slunp in PART 1 for each
type of concrete and an upper action limt [ine and | ower action
[imt line shall be set at the nmaxi num and m ni num al | owabl e

sl unps, respectively, as specified in the same paragraph. The
range between each consecutive slunp test for each type of mxture
shall be plotted on a single control chart for range on which an
upper action limt is set at 2 inches. Sanples for slunp shall be
taken at the mxer. However, the Contractor is responsible for
delivering the concrete to the placenent site at the stipul ated
slunp. If the Contractor's materials or transportation nethods
cause slunp | oss between the m xer and the placenent, correlation
sanmpl es shall be taken at the placenent site as required by the
Contracting O ficer, and the slunp at the mxer controlled as

di rect ed.

Slunmp Corrective Action. Wenever points on the control charts
for slunmp reach the upper warning limt, an adjustnment shal

i medi ately be nade in the batch weights of water and fine
aggregate. The adjustnents are to be nade so that the total water
content does not exceed that anount allowed by the maxi mum w c
rati o specified, based on aggregates which are in a saturated
surface dry condition. Wen a single slunp reaches the upper or
lower action limt, no further concrete shall be delivered to the
placing site until proper adjustnments have been made. |mediately
after each adjustnent, another test shall be made to verify the
correctness of the adjustnent. Whenever two consecutive

i ndi vidual slunp tests, made during a period when there was no

adj ust ment of batch wei ghts, produce a point on the control chart
for range at or above the upper action limt, the concreting
operation shall inmrediately be halted, and the Contractor shal

t ake appropriate steps to bring the slunmp under control

Addi tional slunmp tests shall be nade as directed.

Tenperature. The tenperature of the concrete shall be neasured
when conpressive strength speci nens are fabricated. Measurenent
shall be in accordance with ASTM C 1064/ C 1064M The tenperature
shall be reported along with the conpressive strength data.

Strength Specinens. At |east one set of test specinens shall be
made, for conpressive or flexural strength as appropriate, on each
different concrete mxture placed during the day for each 500
cubic yards or portion thereof of that concrete m xture pl aced
each day. Additional sets of test specinmens shall be nade, as
directed by the Contracting O ficer, when the mi xture proportions
are changed or when | ow strengths have been detected. A truly

SECTI ON 03300 Page 31
( Am 0002)



WIRTANKS

random (not haphazard) sanpling plan shall be devel oped by the
Contractor and approved by the Contracting O ficer prior to the
start of construction. The plan shall assure that sanpling is
done in a conpletely random and unbi ased manner. A set of test
speci mens for concrete with a 28-day specified strength per

par agraph Strength Requirenments in PART 1 shall consist of four
specimens, two to be tested at 7 days and two at 28 days. Test
speci mens shall be nolded and cured in accordance with ASTM C 31/C
31M and tested in accordance with ASTM C 39 for test cylinders and
ASTM C 78 for test beanms. Results of all strength tests shall be
reported inmediately to the Contracting Officer. Quality control
charts shall be kept for individual strength "tests", ("test" as
defined in paragraph Strength Requirenments in PART 1) noving
average of last 3 "tests" for strength, and novi ng average for
range for the last 3 "tests" for each mixture. The charts shal

be simlar to those found in AClI 214. 3R

3.14.6 I nspection Before Pl acing

Foundati ons, construction joints, forms, and enbedded itens shall be

i nspected by the Contractor in sufficient tinme prior to each concrete
pl acenent in order to certify to the Contracting Oficer that they are
ready to receive concrete. The results of each inspection shall be
reported in witing.

3.14. 7 Pl aci ng

The placing foreman shall supervise placing operations, shall determne
that the correct quality of concrete or grout is placed in each |ocation as
specified and as directed by the Contracting O ficer, and shall be
responsi bl e for measuring and recording concrete tenperatures and anbi ent
tenmperature hourly during placing operations, weather conditions, tinme of
pl acenent, vol une placed, and nmethod of placenment. The placing forenman
shall not permt batching and placing to begin until it has been verified
that an adequate nunber of vibrators in working order and with conpetent
operators are available. Placing shall not be continued if any pile of
concrete is inadequately consolidated. |[If any batch of concrete fails to
meet the tenperature requirenents, inmediate steps shall be taken to

i nprove tenperature controls.

3.14.8 Vi brators

The frequency and anplitude of each vibrator shall be determined in
accordance with COE CRD-C 521 prior to initial use and at |east once a
nmont h when concrete is being placed. Additional tests shall be made as
directed when a vi brator does not appear to be adequately consolidating the
concrete. The frequency shall be determned while the vibrator is
operating in concrete with the tachonmeter being held against the upper end
of the vibrator head while al nost subnmerged and just before the vibrator is
wi thdrawn fromthe concrete. The anplitude shall be determ ned with the
head vibrating in air. Two neasurenents shall be taken, one near the tip
and anot her near the upper end of the vibrator head, and these results
averaged. The make, nodel, type, and size of the vibrator and frequency
and anmplitude results shall be reported in witing. Any vibrator not
nmeeting the requirenments of paragraph Consolidation, shall be i mediately
renoved from service and repaired or replaced.

3.14.9 Curing I nspection
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a. Mist Curing Inspections. At |east once each shift, and not |ess
than twi ce per day on both work and non-work days, an inspection
shall be made of all areas subject to moist curing. The surface
noi sture condition shall be noted and recorded.

b. Mist Curing Corrective Action. Wen a daily inspection report
lists an area of inadequate curing, inmrediate corrective action
shal |l be taken, and the required curing period for those areas
shal | be extended by 1 day.

c. Menbrane Curing Inspection. No curing conpound shall be applied
until the Contractor has verified that the conmpound is properly
m xed and ready for spraying. At the end of each operation, the
Contractor shall estimate the quantity of conmpound used by
nmeasur enent of the container and the area of concrete surface
covered, shall conpute the rate of coverage in square feet per
gallon, and shall note whether or not coverage is uniform

d. Menbrane Curing Corrective Action. Wien the coverage rate of the
curing conpound is |less than that specified or when the coverage
is not uniform the entire surface shall be sprayed agai n.

e. Sheet Curing Inspection. At |east once each shift and once per
day on non-work days, an inspection shall be made of all areas
bei ng cured using inpervious sheets. The condition of the
covering and the tightness of the |laps and tapes shall be noted
and recorded.

f. Sheet Curing Corrective Action. Wen a daily inspection report
lists any tears, holes, or laps or joints that are not conpletely
cl osed, the tears and holes shall pronptly be repaired or the
sheets replaced, the joints closed, and the required curing period
for those areas shall be extended by 1 day.

3.14.10 M xer Uniformty

a. Stationary Mxers. Prior to the start of concrete placing and
once every 6 nonths when concrete is being placed, or once for
every 75,000 cubic yards of concrete placed, whichever results in
the shortest time interval, uniformty of concrete m xing shall be
determ ned in accordance with ASTM C 94.

b. Truck Mxers. Prior to the start of concrete placing and at | east
once every 6 nmonths when concrete is being placed, uniformty of
concrete m xing shall be determ ned in accordance with ASTM C 94.
The truck m xers shall be selected randomy for testing. Wen
sati sfactory performance is found in one truck m xer, the
performance of m xers of substantially the same design and
condition of the blades may be regarded as satisfactory.

c. Mxer Uniformty Corrective Action. Wen a mxer fails to neet
m xer uniformty requirements, either the mxing tine shall be
i ncreased, batchi ng sequence changed, batch size reduced, or
adjustnents shall be nmade to the mixer until conpliance is
achi eved.

3.14. 11 Reports

Al results of tests or inspections conducted shall be reported informally
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as they are conpleted and in witing daily. A weekly report shall be
prepared for the updating of control charts covering the entire period from
the start of the construction season through the current week. During

peri ods of col d-weather protection, reports of pertinent tenperatures shal
be made daily. These requirenments do not relieve the Contractor of the
obligation to report certain failures i mediately as required in precedi ng
par agraphs. Such reports of failures and the action taken shall be
confirmed in witing in the routine reports. The Contracting Oficer has
the right to examne all contractor quality control records.

-- BEnd of Section --
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05400 | Framing Components 2.1 FIO
SD-07 Certificates
Mill Certificates FIO
Welds 3.21 FIO
05500 |SD-02 Shop Drawings
Steel Pipe Bollards 3.1.1 FIO
Canopy Framing 3.1.2 FIO
Refrigerant Rack Frames 3.1.3 FIO
Stainless Steel Fixed Ladder 3.1.4 FIO
Stainless Steel Pipe Bicycle 3.15 FIO
Racks
Stainless Steel Mechanical 3.1.6 FIO
Enclosure Gate
Handhole Concrete Cover 3.1.7 FIO
Checker Plate at Door D-35 3.1.8 FIO
06100 |SD-07 Certificates
Grading and Marking 2.1.1 FIO
06200 |SD-02 Shop Drawings
Finish Carpentry 2.1 FIO
SD-03 Product Data
Laminated Plastic 2.1.6 FIO
SD-04 Samples
Laminated Plastic 2.1.6 FIO
06600 |SD-02 Shop Drawings
FRP Shapes and Gratings 2.1.1 FIO
SD-03 Product Data
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06600 | FRP Shapes and Gratings 2.1.1 FIO
SD-07 Certificates
FRP Shapes and Gratings 2.1.1 FIO
07132 |SD-03 Product Data
Reinforcing Fabric 3.2.2 FIO
Protection Board 3.4.2 FIO
Applications 2.1.2 FIO
SD-07 Certificates
Materials 1.4 FIO
07212 |SD-03 Product Data
Sound Attenuation Batt Insulation [2.1.1 FIO
Accessories 2.2 FIO
SD-08 Manufacturer’s Instructions
Sound Attenuation Batt Insulation [2.1.1 FIO
07220 |SD-03 Product Data
Application of Insulation 3.6 FIO
Inspection 3.7 FIO
SD-07 Certificates
Insulation 2.2 FIO
07225 |SD-02 Shop Drawings
Refrigerated Floor Insulation 1.2.1 FIO
SD-03 Product Data
Refrigerated Floor Insulation 1.2.1 FIO
SD-04 Samples
Insulation 211 FIO
Vapor Barrier 2.1.3 FIO
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07240 |SD-02 Shop Drawings
Drawings 2.2.1 FIO
Drawings 3.7.1 FIO
SD-03 Product Data
Exterior Insulation and Finish 1.3 FIO
System
Exterior Insulation and Finish 1.3 FIO
System
Water Vapor Transmission 1.5 FIO
Analysis
SD-04 Samples
Exterior Insulation and Finish 1.3 FIO
System
SD-06 Test Reports
Exterior Insulation and Finish 1.3 FIO
System
SD-07 Certificates
Qualifications 16.1 FIO
Qualifications 16.1 FIO
Third Party Inspection 3.9.1 FIO
Installer 3.2 FIO
Warranty 1.9 FIO
Insulation Board 2.2 FIO
Quality Control 3.9.2 FIO
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System
07416 |SD-02 Shop Drawings
Structural Standing Seam Metal ]1.5.2 FIO
Roof System
SD-03 Product Data
Design Analysis FIO
Qualifications FIO
SD-04 Samples
Accessories 2.3 FIO
Roof Panels 2.1 FIO
Factory Color Finish 2.5 FIO
Fasteners 2.4 FIO
Gaskets and Insulating 2.7 FIO
Compounds
Sealant 2.6 FIO
Concealed Anchor Clips 2.2 FIO
SD-06 Test Reports
Test Report for Uplift Resistance ]1.5.1 FIO
of the SSSMR
SD-07 Certificates
Structural Standing Seam Metal ]1.5.2 FIO
Roof System
07510 |SD-03 Product Data
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07510 | Inspection 3.16 FIO
SD-07 Certificates
Bitumen 2.2 FIO
Felt 25 FIO
Cants 2.4 FIO
07600 |SD-02 Shop Drawings
Materials 2.1 FIO
07840 |SD-02 Shop Drawings
Firestopping Materials 2.1 FIO
SD-07 Certificates
Firestopping Materials 2.1 FIO
Installer Qualifications 15 FIO
Inspection 3.3 FIO
07900 |SD-03 Product Data
Backing 2.1 FIO
Bond-Breaker 2.2 FIO
Sealant 2.4 FIO
SD-07 Certificates
Sealant 2.4 FIO
08210 |SD-02 Shop Drawings
Fire Doors 3.1.2 FIO
Wood Doors and Frames 1.3.1 FIO
SD-07 Certificates
Fire Doors 3.1.2 FIO
Adhesives 2.1.3 FIO
08250 |SD-02 Shop Drawings
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08250 | FRP Doors and Frames 2.1 FIO
SD-03 Product Data
FRP Doors and Frames 2.1 FIO
SD-07 Certificates
FRP Doors and Frames 2.1 FIO
08560 |SD-02 Shop Drawings
Vinyl Windows 2.1 FIO
Insect Screens 2.6 FIO
SD-03 Product Data
Vinyl Windows 2.1 FIO
Insect Screens 2.6 FIO
Installation 3.1 FIO
Cleaning 3.3 FIO
SD-04 Samples
Finish 2.5 FIO
SD-07 Certificates
Vinyl Windows 2.1 FIO
Insect Screens 2.6 FIO
08700 |SD-03 Product Data
Hardware Schedule 1.3 FIO
Keying 2.5 G RE
Keying System 1.2.1 G RE
SD-07 Certificates
Hardware and Accessories 1.2.2 FIO
08810 |SD-02 Shop Drawings
Installation 3.2 FIO
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08810 |SD-03 Product Data
Glazing Accessories 2.3 FIO
09250 |SD-02 Shop Drawings
Steel Framing 251 FIO
Steel Framing 3.1 FIO
SD-07 Certificates
Gypsum Wallboard 2.4.1 FIO
Gypsum Wallboard 3.7 FIO
Steel Framing 251 FIO
Steel Framing 3.1 FIO
Cementitious Backer Units 2.6 FIO
09310 |SD-03 Product Data
Tile 2.1 FIO
Tile 2.1 FIO
Mortar and Grout 2.4 FIO
Mortar and Grout 2.4 FIO
SD-04 Samples
Tile 2.1 FIO
Marble Thresholds 2.5 FIO
SD-07 Certificates
Tile 2.1 FIO
Mortar and Grout 2.4 FIO
09510 |SD-02 Shop Drawings
Approved Detail Drawings 1.3 FIO
SD-03 Product Data
Acoustical Ceiling Systems 1.2.1 FIO
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09510 |SD-04 Samples
Acoustical Units 2.1 FIO
SD-06 Test Reports
Ceiling Attenuation Class and 2.5 FIO
Test
SD-07 Certificates
Acoustical Units 2.1 FIO
09650 |SD-03 Product Data
Resilient Flooring and 1.2.1 FIO
Accessories
SD-04 Samples
Flooring 3.2 FIO
SD-06 Test Reports
Moisture Test 3.3 FIO
09900 |SD-03 Product Data
Paint 2.1 FIO
Mixing and Thinning 3.3 FIO
Application 3.4 FIO
SD-04 Samples
Moisture-Curing Polyurethane 1.5 FIO
Paint 2.1 FIO
SD-06 Test Reports
Paint 2.1 FIO
SD-07 Certificates
Lead 2.1.3 FIO
Mildewcide and Insecticide 2.1.2 FIO
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09900 | Volatile Organic Compound 2.15 FIO
(VOC) Content
10161 |SD-02 Shop Drawings
Shower Partition System 1.2 FIO
Shower Partition System 2.2 FIO
SD-03 Product Data
Shower Partition System 1.2 FIO
Shower Partition System 2.2 FIO
SD-04 Samples
Shower Partition System 1.2 FIO
Shower Partition System 2.2 FIO
10201 |SD-02 Shop Drawings
Metal Wall Louvers 2.1 FIO
Metal Wall Louvers 3.1 FIO
SD-03 Product Data
Metal Wall Louvers 2.1 FIO
Metal Wall Louvers 3.1 FIO
10440 |SD-03 Product Data
Installation 3.1 FIO
SD-04 Samples
Interior Signage 1.3 FIO
10505 |SD-02 Shop Drawings
Solid plastic lockers 2.1 FIO
SD-03 Product Data
Solid plastic lockers 2.1 FIO
10800 |SD-03 Product Data
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10800 | Finishes 21.2 FIO
Accessory Items 2.2 FIO
SD-04 Samples
Finishes 21.2 FIO
Accessory Items 2.2 FIO
11551 |SD-02 Shop Drawings
Pallet Storage Racks 1.3.1 FIO
Seismic Protection 1.3.1.2 |FIO
Aisle Signs and Labels 2.3 FIO
SD-03 Product Data
Pallet Storage Racks 1.3.1 FIO
SD-07 Certificates
Pallet Storage Racks Certification |1.2.1 FIO
12490 |SD-02 Shop Drawings
Approved Detail Drawings 3.1 FIO
SD-03 Product Data
Window Treatments 3.1 FIO
Hardware 1.3 FIO
SD-04 Samples
Window Treatments 3.1 FIO
13038 |SD-02 Shop Drawings
Cold storage rooms 2.1 FIO
SD-03 Product Data
Cold storage rooms 2.1 FIO
SD-08 Manufacturer’s Instructions
Cold storage rooms 2.1 FIO
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13038 |SD-10 Operation and Maintenance
Data
Cold storage rooms 2.1 G ED
13040 |SD-02 Shop Drawings
Hydronic Floor Warming System |1.2 FIO
SD-03 Product Data
Spare Parts 14.1 FIO
SD-06 Test Reports
Test Reports 1.4.2 FIO
SD-08 Manufacturer’s Instructions
Hydronic Floor Warming System |1.2 FIO
SD-10 Operation and Maintenance
Data
Hydronic Floor Warming System |1.2 G ED
13080 |SD-02 Shop Drawings
Bracing 3.1 FIO
Resilient Vibration Isolation 3.4 FIO
Devices
Equipment Requirements 1.2.1 FIO
SD-03 Product Data
Bracing 3.1 FIO
Equipment Requirements 1.2.1 FIO
13280 |SD-03 Product Data
Respiratory Protection Program  |1.12 G RE
Cleanup and Disposal 3.11 G RE
Detailed Drawings 3.6.5.2 |G RE
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13280 | Detailed Drawings 3.9.2 G RE
Materials and Equipment G RE
Qualifications 15 G RE
Training Program 1.11 G RE
Medical Requirements 1.10 G RE
Encapsulants 2.1 G RE
SD-06 Test Reports
Exposure Assessment and Air 3.9 G RE
Monitoring
Local Exhaust Ventilation 1.20 G RE
Licenses, Permits and 1.14 G RE
Notifications
SD-07 Certificates
Vacuum, Filtration and Ventilation G RE
Equipment
13281 |SD-03 Product Data
Materials and Equipment 1.18 G RE
Expendable Supplies 1.19 G RE
Qualifications 15 G RE
SD-06 Test Reports
Licences, Permits, and 1.11 G RE
Notifications
Accident Prevention Plan (APP) |1.7 G RE
Sampling and Analysis 1.13 G RE
Clearance Report 3.7 G RE
13286 |SD-07 Certificates
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13286 | Qualifications of CIH 1.8.1 G
Training Certification 1.8.1 G
PCB and Mercury-Containing 1.8.2 G
Lamp Removal Work Plan
PCB and Mercury-Containing 1.8.3 G
Lamp Disposal Plan
SD-11 Closeout Submittals
Transporter certification 3.5.2 G
Certification of Decontamination [3.2.4 G
Certificate of Disposal and/or 3.5.2.1 |FIO
recycling
13851 |SD-02 Shop Drawings
Fire Alarm Reporting System 1.4.1 G RE
SD-03 Product Data
Storage Batteries 2.2 G RE
Special Tools and Spare Parts 2.7.3 FIO
Technical Data and Computer 1.5 G RE
Software
Training 3.5 FIO
Testing 3.4 FIO
Voltage Drop 1.2.1 G RE
SD-06 Test Reports
Testing 3.4 FIO
SD-07 Certificates
Equipment 1.3.1 FIO
Equipment 1.3.6 FIO
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SECTI ON 03300

CAST- | N- PLACE STRUCTURAL CONCRETE

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
designation only.

ACl | NTERNATI ONAL (ACl)

ACl 117/ 117R (1990; Errata) Standard Tol erances for
Concrete Construction and Materials

ACl 211.1 (1991) Standard Practice for Sel ecting
Proportions for Normal, Heavyweight, and
Mass Concrete

ACl 214. 3R (1988) Sinplified Version of the
Reconmended Practice for Eval uation of
Strength Test Results of Concrete

ACl 305R (1991) Hot Weat her Concreting

ACl 318/ 318R (1999) Buil ding Code Requirenents for
Structural Concrete and Comment ary

AVERI CAN ASSOCI ATI ON OF STATE H GHWAY AND TRANSPORTATI ON OFFI Cl ALS
( AASHTO)

AASHTO M 182 (1991; R 1996) Burlap Coth Made From Jute
or Kenaf

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM C 31/ C 31M (1998) Making and Curing Concrete Test
Specimens in the Field

ASTM C 33 (19999a) Concrete Aggregates

ASTM C 39 (1996) Conpressive Strength of Cylindrical
Concrete Speci nens

ASTM C 42 (1999) Obtaining and Testing Drilled Cores
and Sawed Beans of Concrete

ASTM C 78 (1994) Flexural Strength of Concrete
(Using Sinple Beam Wt h Third-Point
Loadi ng)

ASTM C 94 (1999) Ready-M xed Concrete
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ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

131

136

143

150

171

172

173

192/ C 192M

231

260

309

494

552

578

591

881

1017

1059

1064/ C 1064M

1077

(1996) Resistance to Degradation of
Smal | - Si ze Coarse Aggregate by Abrasion
and Inmpact in the Los Angel es Machi ne

(1996a) Sieve Analysis of Fine and Coarse
Aggr egat es

(1998) Slunp of Hydraulic Cenent Concrete
(1998a) Portl and Cenent

(1997a) Sheet Materials for Curing Concrete
(1999) Sanpling Freshly M xed Concrete

(1994ael) Air Content of Freshly M xed
Concrete by the Vol unetric Method

(1998) Making and Curing Concrete Test
Speci mens in the Laboratory

(1997el) Air Content of Freshly M xed
Concrete by the Pressure Mt hod

(1998) Air-Entraining Adm xtures for
Concrete

(1998a) Liquid Menbrane-Form ng Conpounds
for Curing Concrete

(1999) Chem cal Adm xtures for Concrete
(1991) Cellular G ass Thermal Insulation

(1995) Rigid, Cellular Polystyrene Thernal
I nsul ation

(1994) Unfaced Prefornmed Rigid Cellular
Pol yi socyanurate Thermal Insul ation

(1999) Epoxy- Resi n-Base Bondi ng Systens
for Concrete

(1998) Chemi cal Adm xtures for Use in
Produci ng Fl owi ng Concrete

(1999) Latex Agents for Bonding Fresh to
Har dened Concrete

(1999) Tenperature of Freshly M xed
Portl and Cenment Concrete

(1998) Laboratories Testing Concrete and
Concrete Aggregates for Use in
Construction and Criteria for Laboratory
Eval uati on
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ASTM C 1107 (1999) Packaged Dry, Hydraulic-Cenent
G out (Nonshri nk)

ASTM D 638 (2000) Test Method for Tensile Properties
of Plastics

ASTM D 75 (1987; R 1997) Sanpling Aggregates

ASTM D 1751 (1999) Prefornmed Expansion Joint Filler

for Concrete Paving and Structural
Construction (Nonextrudi ng and Resilient
Bi t um nous Types)

ASTM E 96 (1995) water Vapor Transm ssion of
Material s
ASTM E 154 (1999) Standard Test Methods for Water

Vapor Retarders Used in Contact with Earth
Under Concrete Slabs, on Walls, or as

G ound Cover

ASTM E 1155M (1996) Determ ne Floor Flatness and
Level ness Using the F-Number System
(Metric)

ASTM E 1745 (1997) water Vapor Retarders Used in
Contact with Soil or Ganular Fill under

Concrete Sl abs
CORPS OF ENG NEERS ( CCE)

CCE CRD-C 104 (1980) Met hod of Cal cul ation of the
Fi neness Mbodul us of Aggregate

CCE CRD-C 400 (1963) Requirenents for Water for Use in
M xi ng or Curing Concrete

CCE CRD-C 521 (1981) Standard Test Method for Frequency
and Amplitude of Vibrators for Concrete

CCE CRD-C 540 (1971; R 1981) Standard Specification for
Nonbi t um nous I nserts for Contraction
Joints in Portland Cenent Concrete
Airfield Pavenents, Sawable Type

CCE CRD-C 572 (1974) Corps of Engi neers Specifications
for Pol yvinyl chl ori de Wat erstop

NATI ONAL | NSTI TUTE OF STANDARDS AND TECHNOLOGY (NI ST)
NI ST HB 44 (1997) NI ST Handbook 44: Specifications,
Tol erances, and O her Techni cal
Requi renents for Wi ghing and Measuring
Devi ces
NATI ONAL READY- M XED CONCRETE ASSQOCI ATI ON ( NRMCA)

NRMCA CPMB 100 (1996) Concrete Pl ant Standards
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1.2 SUBM TTALS

CGovernment approval is required for submittals with a "G designation;
submttals not having a "G' designation are for information only. Wen
used, a designation following the "G' designation identifies the office
that will review the submttal for the Governnent. The follow ng shall be
subm tted in accordance with Section 01330 SUBM TTAL PROCEDURES:

SD- 03 Product Data
M xture Proportions; G RE

The results of trial mxture design studies along with a
statenment giving the maxi mum nom nal coarse aggregate size and the
proportions of ingredients that will be used in the manufacture of
each strength or class of concrete, at |east 14 days prior to
conmenci ng concrete placing operations. Aggregate wei ghts shal
be based on the saturated surface dry condition. The statenent
shal | be acconpanied by test results froman approved i ndependent
comercial testing |aboratory, show ng that m xture design studies
have been nade with materials proposed for the project and that
the proportions selected will produce concrete of the qualities
i ndi cated. No substitutions shall be made in the materials used
in the mxture design studies without additional tests to show
that the quality of the concrete is satisfactory.

SD-06 Test Reports
Testing and Inspection for Contractor Quality Control; G RE
Certified copies of laboratory test reports, including mll
tests and all other test data, for portland cenment, aggregate,
adm xtures, and curing conpound proposed for use on this project.
SD-07 Certificates
Qualifications.
Witten docunentation for Contractor Quality Control personnel
1.3  QUALI FI CATI ONS
Contractor Quality Control personnel assigned to concrete construction
shal |l be American Concrete Institute (ACI) Certified Wirknmen in one of the

foll owi ng grades or shall have witten evidence of having conpleted simlar
qual i fication prograns:

Concrete Field Testing Technician, G ade |
Concrete Laboratory Testing Technician, Gade |I or |
Concrete Construction Inspector, Level |

Concrete Transportation Construction |Inspector or

Rei nf orced Concrete Special Inspector, Jointly certified by American
Concrete Institute (ACl), Building Oficial and Code Admi nistrators
International (BOCA), International Conference of Building Oficials (I1CBO,
and Sout hern Buil di ng Code Congress International (SBCC).

The foreman or |ead journeyman of the flatwork finishing crew shall have
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simlar qualification for ACI Concrete Flatwork Technici an/ Fi ni sher or
equal, with witten docunentation

1.4 FI ELD TEST PANELS

Field test panels shall be constructed prior to begi nning of work using the
mat eri al s and procedures proposed for use on the job, to denonstrate the
results to be attained. The quality and appearance of each panel shall be
subj ect to the approval of the Contracting Oficer, and, if not judged

sati sfactory, additional panels shall be constructed until approval is
attained. Forned or finished surfaces in the conpleted structure shal
match the quality and appearance of the approved field exanple.

1.4.1 Sanpl e Val |l Panel s

One sanpl e panel at least 1220 mm by 1525 nm and 150 nm thick shall be
constructed to denonstrate Class A forned finish. Panels shall be [ocated
at the pre-casting yard. Each panel shall include a full length and ful
width joint line and shall have at |east two voids each at |east 300 mm by
300 nm by 75 mm deep either inpressed in the concrete as placed or

chi pped in the hardened concrete. After the concrete is 7 days old, the
voi ds shall be patched to denonstrate the effectiveness and the appearance
of the Contractor's repair procedures.

1.4.2 Sl ab Panel s

A slab panel at least 1220 mm by 1525 nm and 100 mm thick shall be
constructed to denonstrate slab finish. Panels shall be |ocated at the
pre-casting yard. Each panel shall have a full length joint |ine.

1.5 SPECI AL REQUI REMENTS

A pre-installation nmeeting with the Contracting Oficer will be required at
| east 10 days prior to start of construction. The Contractor shall be
responsible for calling the neeting; the Project Superintendent and active
installation personnel shall be present.

1.6 CGENERAL REQUI REMENTS

1.6.1 Tol er ances
Except as otherw se specified herein, tolerances for concrete batching,
m xture properties, and construction as well as definition of terns and
application practices shall be in accordance with ACI 117/117R  Level and
grade tol erance neasurenments of slabs shall be nmade as soon as possible
after finishing; when forns or shoring are used, the nmeasurenments shall be
made prior to renoval .

1.6.1.1 Fl oors

For the purpose of this Section the followi ng term nol ogy correl ation
between ACI 117/ 117R and this Section shall apply:

Floor Profile Quality

Cassification From ACl 117/ 117R Thi s Section
Conventional Bullfl oated Sane
Conventional Straightedged Sane
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Floor Profile Quality

Cassification From ACl 117/ 117R Thi s Section
Fl at Fl oat Finish or Trowel Finish
Very Fl at Sanme. Use only with F-system

Level ness tol erance shall not apply where design requires floors to be
sloped to drains or sloped for other reasons.

1.6.1.2 Fl oors by the F-Nunber System

The flatness and | evel ness of floors shall be carefully controlled and the
tol erances shall be measured by the F-Nunber system of Paragraph 4.5.6 and
4.5.6.1 of ACI 117/117R  The Contractor shall furnish an approved fl oor
profil ograph or other equi pnment capabl e of nmeasuring the floor flatness
(FF) nunber and the floor |evel ness (FL) nunber in accordance with ASTM E
1155M . The Contractor shall performthe tol erance neasurenents within 72
hours after floor slab construction while being observed by the Contracting
Oficer. The tolerances of surfaces beyond the limts of ASTME 1155M
(the areas within 600 mm of enbednents and construction joints) shall be
acceptable to the Contracting O ficer. Tol erances of the follow ng areas
shall neet the requirenents for the listed surfaces as specified in

par agraphs 4.5.6 and 4.5.6.1 of ACl 117/117R

Trowel Finish- Areas - all other areas
i nside the building
Very Fl at - Areas - Refrigerated and Freezer Roomns

1.6.2 Strength Requirenments and wc Ratio
1.6.2.1 Strengt h Requirenents
Speci fied conpressive strength (f'c) shall be as foll ows:
COVPRESSI VE STRENGTH STRUCTURE OR PORTI ON OF STRUCTURE

27.5 MPa at 28 days Foundati ons, Conposite topping
over precast doubl e tees,
concrete topping over
refrigeration and freezer
floors, pavenents

20 MPa at 28 days Cur bs, sidewal ks and all other
concrete.

Concrete sl abs on-grade shall have a 28-day flexural strength of 4.5 MPa.
Concrete made with high-early strength cenent shall have a 7-day strength
equal to the specified 28-day strength for concrete made with Type |
portland cement. Conpressive strength shall be determ ned in accordance
with ASTM C 39. Flexural strength shall be determned with ASTM C 78

a. FEvaluation of Concrete Conpressive Strength. Conpressive strength
speci mens (152 by 305 nmm cylinders) shall be fabricated by the
Contractor and | aboratory cured in accordance with ASTM C 31/ C 31M
and tested in accordance with ASTM C 39. The strength of the
concrete will be considered satisfactory so long as the average of
all sets of three consecutive test results equals or exceeds the
speci fied conpressive strength f'c and no individual test result
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1.6.2.2

falls below the specified strength f'c by nore than 3.5 MPa. A
"test" is defined as the average of two conpanion cylinders, or if
only one cylinder is tested, the results of the single cylinder
test. Additional analysis or testing, including taking cores
and/or load tests may be required at the Contractor's expense when
the strength of the concrete in the structure is considered
potentially deficient.

I nvestigation of Low Strength Conpressive Test Results. Wen any
strength test of standard-cured test cylinders falls bel ow the
specified strength requirenment by nore than 3.5 MPa or if tests
of field-cured cylinders indicate deficiencies in protection and
curing, steps shall be taken to assure that the |oad-carrying
capacity of the structure is not jeopardized. Wen the strength
of concrete in place is considered potentially deficient, cores
shal | be obtained and tested in accordance with ASTM C 42. At
| east three representative cores shall be taken from each menber
or area of concrete in place that is considered potentially
deficient. The location of cores will be determ ned by the
Contracting O ficer to least inpair the strength of the structure.
Concrete in the area represented by the core testing will be
consi dered adequate if the average strength of the cores is equa
to at |east 85 percent of the specified strength requirenent and
if no single core is less than 75 percent of the specified
strength requirenent. Non-destructive tests (tests other than
test cylinders or cores) shall not be used as a basis for
acceptance or rejection. The Contractor shall performthe coring
and repair the holes. Cores will be tested by the Government.

Load Tests. |If the core tests are inconclusive or inpractical to
obtain or if structural analysis does not confirmthe safety of
the structure, |load tests may be directed by the Contracting
Oficer in accordance with the requirenents of AC 318/ 318R
Concrete work evaluated by structural analysis or by results of a
| oad test as being understrength shall be corrected in a nmanner
satisfactory to the Contracting Officer. All investigations,
testing, load tests, and correction of deficiencies shall be
performed by and at the expense of the Contractor and nust be
approved by the Contracting Oficer, except that if all concrete
is found to be in conpliance with the drawi ngs and specifications,
the cost of investigations, testing, and |load tests will be at the
expense of the Government.

Eval uati on of Concrete Flexural Strength. Flexural strength
speci mens (beans) shall be fabricated by the Contractor and

| aboratory cured in accordance with ASTM C 31/C 31M and tested in
accordance with ASTM C 78. The strength of the concrete will be
consi dered sati sfactory so long as the average of all sets of
three consecutive test results equals or exceeds the specified
flexural strength and no individual test result falls below the
specified flexural strength by nore than 350 kPa. A "test" is
defined as the average of two conpani on beans. Additiona

anal ysis or testing, including taking cores and/or |oad tests may
be required at the Contractor's expense when the strength of the
concrete in the slab is considered potentially deficient.

Wat er-Cenent Ratio

Maxi mum wat er-cenment ratio (wc) for normal weight concrete shall be as

SECTI ON 03300 Page 10
( Am 0002)



COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

fol | ows:
WATER- CEMENT RATI O, BY WEI GHT STRUCTURE OR PORTI ON OF STRUCTURE
0. 40 Al'l concrete with conpressive
strength of 27.5 MPa at 28 days.
0. 45 Al'l other concrete

These w/ c's may cause higher strengths than that required above for
conpressive or flexural strength. The maxinumw c required will be the
equi valent w c as determ ned by conversion fromthe weight ratio of water
to cenment by the weight equival ency nethod as described in ACI 211.1.

1.6.3 Al r Entrai nnent

Al'l normal weight concrete shall be air entrained to contain between 5 and
7 percent total air, except that when the nom nal maxi mum size coarse
aggregate is 19 mm or smaller it shall be between 4.5 and 7.5 percent.
Specified air content shall be attained at point of placenment into the
fornms. Air content for normal weight concrete shall be determined in
accordance with ASTM C 231

1.6.4 Slunmp
Slunmp of the concrete, as delivered to the point of placenment into the

forns, shall be within the following limts. Slunp shall be determ ned in
accordance with ASTM C 143.

Sl unp
Structural El enent M ni mum Maxi mum

Wl |'s, columms and beans 50 mMm 100 mm
Foundation walls, substructure
wal I' s, footings, slabs 25 mMm 75 mm
Any structural concrete approved
for placenent by punping:

At punp 50 mm 150 mm

At di scharge of |ine 25 mMm 100 mm

VWhen use of a plasticizing adm xture conformng to ASTM C 1017 or when a
Type F or G high range water reducing adm xture conformng to ASTMC 494 is
permtted to increase the slunp of concrete, concrete shall have a slunp of
50 to 100 mm before the adm xture is added and a maxi mum sl unp of 200 mm
at the point of delivery after the adm xture is added.

1.6.5 Concrete Tenperature
The tenperature of the concrete as delivered shall not exceed 32 degrees C
VWhen the anbient tenperature during placing is 5 degrees C or less, or
is expected to be at any tinme within 6 hours after placing, the tenperature
of the concrete as delivered shall be between 12 and 25 degrees C

1.6.6 Si ze of Coarse Aggregate
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The | argest feasi ble nom nal maxi mum si ze aggregate (NMSA) specified in
par agr aph AGGREGATES shall be used in each placenent. However, nomi na
maxi mum si ze of aggregate shall not exceed any of the foll ow ng:
three-fourths of the mnimum cover for reinforcing bars, three-fourths of
the m ni mum cl ear spaci ng between reinforcing bars, one-fifth of the
narrowest di nension between sides of forns, or one-third of the thickness
of sl abs or toppings.

1.6.7 Speci al Properties and Products

Concrete may contain adm xtures other than air entraining agents, such as
wat er reducers, superplasticizers, or set retarding agents to provide
special properties to the concrete, if specified or approved. Any of these
materials to be used on the project shall be used in the m x design studies.

1.7 M XTURE PROPORTI ONS

Concrete shall be conposed of portland cenent, aggregates, water and
adm xtures as specified.

1.7.1 Proportioning Studies for Normal Weight Concrete

Trial design batches, mxture proportioning studies, and testing

requi renents for various classes and types of concrete specified shall be
the responsibility of the Contractor. Except as specified for flexura
strength concrete, m xture proportions shall be based on conpressive
strength as determ ned by test specinens fabricated in accordance with ASTM
C 192/ C 192M and tested in accordance with ASTM C 39. Sanples of al
materials used in mxture proportioning studies shall be representative of
t hose proposed for use in the project and shall be acconpanied by the
manuf acturer's or producer’'s test reports indicating conpliance with these
specifications. Trial mxtures having proportions, consistencies, and air
content suitable for the work shall be nmade based on net hodol ogy descri bed
in ACl 211.1, using at least three different water-cenent ratios for each
type of mxture, which will produce a range of strength enconpassing those
required for each class and type of concrete required on the project. The
maxi mum wat er - cenment rati os required i n subparagraph Water-Cenent Ratio
wi Il be the equival ent water-cenent ratio as determ ned by conversion from
the weight ratio of water to cenent by the wei ght equival ency net hod as
described in ACI 211.1. Laboratory trial mxtures shall be designed for
maxi mum permtted slunp and air content. Separate sets of trial mxture
studi es shall be nade for each conbination of cenentitious materials and
each conbi nati on of adm xtures proposed for use. No conbination of either
shal |l be used until proven by such studies, except that, if approved in
witing and otherwi se permtted by these specifications, an accel erator or
a retarder may be used without separate trial mxture study. Separate
trial mxture studies shall also be nmade for concrete for any conveyi ng or
pl aci ng nmet hod proposed which requires special properties and for concrete
to be placed in unusually difficult placing |ocations. The tenperature of
concrete in each trial batch shall be reported. For each water-cenent
ratio, at least three test cylinders for each test age shall be nmade and
cured in accordance wi thASTM C 192/ C 192M They shall be tested at 7 and
28 days in accordance with ASTM C 39. Fromthese test results, a curve
shall be plotted showi ng the relationship between water-cenent ratio and
strength for each set of trial mx studies. |In addition, a curve shall be
pl otted showi ng the rel ati onship between 7 day and 28 day strengths. Each
m xture shall be designed to pronote easy and suitable concrete placenent,
consol idation and finishing, and to prevent segregation and excessive

bl eedi ng.
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1.7.2 Aver age Conpressive Strength Required for M xtures

The m xture proportions selected during m xture design studi es shal
produce a required average conpressive strength (f'cr) exceeding the

speci fied conpressive strength (f'c) by the anount indicated below This
requi red average conpressive strength, f'cr, will not be a required
acceptance criteria during concrete production. However, whenever the

dai ly average conpressive strength at 28 days drops below f'cr during
concrete production, or daily average 7-day strength drops bel ow a strength
correlated with the 28-day f'cr, the mxture shall be adjusted, as
approved, to bring the daily average back up to f'cr. During production
the required f'cr shall be adjusted, as appropriate, based on the standard
devi ation being attained on the job.

1.7.2.1 Conput ati ons from Test Records

VWhere a concrete production facility has test records, a standard devi ation
shal |l be established in accordance with the applicable provisions of AC
214. 3R Test records fromwhich a standard deviation is cal cul ated shal
represent materials, quality control procedures, and conditions simlar to
t hose expected; shall represent concrete produced to neet a specified
strength or strengths (f'c) within 7 MPa of that specified for proposed
wor k; and shall consist of at |east 30 consecutive tests. A strength test
shal |l be the average of the strengths of two cylinders made fromthe sane
sanpl e of concrete and tested at 28 days. Required average conpressive
strength f'cr used as the basis for selection of concrete proportions shal
be the larger of the equations that follow using the standard deviation as
det er mi ned above:

f'cr = f'c + 1.34S where units are in MPa

=f'c + 2.33S - 3.45 where units are in MPa

_,,

o

—
|

Where S = standard devi ati on

VWhere a concrete production facility does not have test records neeting the
requi renents above but does have a record based on 15 to 29 consecutive
tests, a standard deviation shall be established as the product of the

cal cul ated standard deviation and a nodification factor fromthe foll ow ng
tabl e:

MADI FI CATI ON FACTOR

NUMBER OF TESTS FOR STANDARD DEVI ATI ON
15 1.16
20 1.08
25 1.03

30 or nore 1.00

1.7.2.2 Conput ati ons w t hout Previous Test Records

VWhen a concrete production facility does not have sufficient field strength
test records for calculation of the standard deviation, the required
average strength f'cr shall be deternined as foll ows:
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a. |If the specified conpressive strength f'c is | ess than 20 MPa,
f'ecr =f'c + 6.9 MPa
b. |If the specified conpressive strength f'c is 20 to 35 Mra,
f'ecr =f'c + 8.3 MPa
1.7.3 M x Design for Topping for Refrigeration and Freezer Floors

The concrete m x design for bonded topping for heavy duty floors shal
contain the greatest practical proportion of coarse aggregate within the
specified proportion limts. The mx shall be designed to produce concrete
having a 28-day strength of at |east 34.5 MPa. Concrete for the topping
shal | consist of the follow ng proportions, by weight:

1. 00 part portland cenent
1.15 to 1.25 parts fine aggregate
1.80 to 2.00 parts coarse aggregate

Maxi mum w/ ¢ shall be 0.33. The topping concrete shall not be
air-entrained. The concrete shall be nmixed so as to produce a m xture of
the driest consistency possible to work with a sawing notion of the
strike-of f and which can be floated and conpacted as specified wthout
produci ng water or excess cenent at the surface. 1In no case shall slunp
exceed 25 mm as determ ned by ASTM C 143.

1.8 STORAGE OF NMATERI ALS

Cenment and other cenentitious materials shall be stored in weathertight
bui | di ngs, bins, or silos which will exclude noisture and contam nants and
keep each material conpletely separated. Aggregate stockpiles shall be
arranged and used in a manner to avoi d excessive segregation and to prevent
contam nation with other materials or with other sizes of aggregates.
Aggregate shall not be stored directly on ground unless a sacrificial |ayer
is left undisturbed. Reinforcing bars and accessories shall be stored
above the ground on platforns, skids or other supports. Oher materials
shall be stored in such a manner as to avoid contam nati on and
deterioration. Adm xtures which have been in storage at the project site
for I onger than 6 nonths shall not be used unless retested and proven to
nmeet the specified requirenents. Materials shall be capable of being
accurately identified after bundl es or containers are opened.

1.9 GOVERNMENT ASSURANCE | NSPECTI ON AND TESTI NG

Day-to day inspection and testing shall be the responsibility of the
Contractor Quality Control (CQC) staff. However, representatives of the
Contracting O ficer can and will inspect construction as consi dered
appropriate and will nonitor operations of the Contractor's CQC staff.
Government inspection or testing will not relieve the Contractor of any of
his CQC responsibilities.

1.9.1 Material s

The Governnment will sanple and test aggregates, cenentitious materials,
other materials, and concrete to deterni ne conpliance with the
specifications as considered appropriate. The Contractor shall provide
facilities and | abor as may be necessary for procurenent of representative
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test sanples. Sanples of aggregates will be obtained at the point of
bat ching in accordance with ASTM D 75. Oher materials will be sanpl ed
fromstorage at the jobsite or fromother |ocations as considered
appropriate. Sanples may be placed in storage for later testing when
appropri ate.

1.9.2 Fresh Concrete

Fresh concrete will be sanpled as delivered in accordance with ASTM C 172
and tested in accordance with these specifications, as considered necessary.

1.9.3 Har dened Concrete

Tests on hardened concrete will be performed by the Governnent when such
tests are considered necessary.

1.9.4 I nspection
Concrete operations may be tested and inspected by the Governnent as the
project progresses. Failure to detect defective work or material wll not
prevent rejection |ater when a defect is discovered nor will it obligate
the Governnent for final acceptance.

PART 2 PRODUCTS
The Contractor shall provide and transport an adequate supply of
cenmentitious materials, aggregates and approved chem cal adm xtures to the
job site for providing site-m xed cast-in-place structural concrete as
requi red by the Contract Docunents.

2.1 CEMENTI TI QUS MATERI ALS
Cenmentitious Materials shall be portland cenent, and shall conformto
appropriate specifications listed below Use of cenentitious materials in
concrete which will have surfaces exposed in the conpleted structure shal
be restricted so there is no change in col or, source, or type of
cenentitious material

2.1.1 Portl and Cenent
ASTM C 150, Type Il or 11l with a maxi mum 8 percent of trical cium alum nate

2.1.2 H gh- Early-Strength Portland Cenent
ASTM C 150, Type IIl with tricalciumalumnate limted to 8 percent.

2.2  AGGREGATES
Aggregates shall conformto the foll ow ng

2.2.1 Fi ne Aggregate

Fi ne aggregate shall conformto the quality and gradation requirenents of
ASTM C 33.

2.2.2 Coar se Aggregate

Coarse aggregate shall conformto ASTM C 33, O ass 5S, size designation 67.
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2.2.3 Materials for Topping for Refrigeration and Freezer Floors

In addition to the requirenents specified above, coarse aggregate used for
this purpose shall be a well graded, hard, sound diabase, trap rock, enery,
granite or other natural or manufactured aggregate having equi val ent
hardness and wearing qualities and shall have a percentage of |oss not to
exceed 30 after 500 revol utions when tested in accordance with ASTM C 131
Gradation of the aggregates when tested in accordance with ASTM C 136 shal
be as foll ows:

Coar se Aggregate

Cumul ati ve Percent

Si eve Size By Wi ght Passing
19 mm 100

12.5 50- 100

9.5 mm 25-50

4.75 mm 0- 15

2.36 mm 0-8

Fi ne Aggregate

Cumul ati ve Percent

Si eve Size By Wi ght Passing
9.5 mm 100

4.75 mm 95-100

2.36 mm 65- 80

1.18 mm 45- 65

0. 600 nm 25-45

0. 300 mm 5-15

0.150 nmm 0-5

2.3 CHEM CAL ADM XTURES
Chemi cal adm xtures, when required or permtted, shall conformto the
appropriate specification listed. Adm xtures shall be furnished in liquid
formand of suitable concentration for easy, accurate control of dispensing.
2.3.1 Air-Entraining Adm xture

ASTM C 260 and shall consistently entrain the air content in the specified
ranges under field conditions.

2.3.2 Accel erating Adm xture

ASTM C 494, Type C or E, except that calciumchloride or adm xtures
cont ai ni ng cal cium chloride shall not be used.

2.3.3 \Water-Reduci ng or Retardi ng Adm xture

ASTM C 494, Type A, B, or D, except that the 6-nonth and 1-year conpressive
and flexural strength tests are waived.

2.3. 4 H gh- Range Wat er Reducer
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ASTM C 494, Type F or G except that the 6-nmonth and 1-year strength

requi renents are wai ved. The adm xture shall be used only when approved in
writing, such approval being contingent upon particular mxture control as
described in the Contractor's Quality Control Plan and upon perfornmance of
separate m xture design studies.

2.3.5 G her Chem cal Adm xtures

Chemi cal admi xtures for use in producing flow ng concrete shall conply with
ASTM C 1017, Type | or I1. These adm xtures shall be used only when
approved in witing, such approval being contingent upon particular mxture
control as described in the Contractor's Quality Control Plan and upon
performance of separate m xture design studies.

2.4 CURI NG MATERI ALS
2.4.1 | mper vi ous- Sheet

| mpervi ous-sheet materials shall conformto ASTM C 171, type optional
except, that polyethyl ene sheet shall not be used.

2.4.2 Menbr ane- For mi ng Conpound

Menbr ane- Formi ng curing conpound shall conformto ASTM C 309, Type 1-D or
2, except that only a styrene acrylate or chlorinated rubber conmpound
meeting Cl ass B requirenents shall be used for surfaces that are to be
painted or are to receive bitum nous roofing, or waterproofing, or floors
that are to receive adhesive applications of resilient flooring. The
curing conpound sel ected shall be conpatible with any subsequent paint,
roofing, waterproofing, or flooring specified. Nonpignented conpound shal
contain a fugitive dye, and shall have the reflective requirenents in ASTM
C 309 wai ved.

2.4.3 Burl ap and Cotton Mat
Burl ap and cotton mat used for curing shall conformto AASHTO M 182.
2.5 WATER

Water for mxing and curing shall be fresh, clean, potable, and free of
i njurious amounts of oil, acid, salt, or alkali, except that non-potable
water may be used if it neets the requirenments of COE CRD C 400

2.6 NONSHRI NK GROUT

Nonshrink grout shall conformto ASTM C 1107, Grade A B C, and shall be a
commercial fornmulation suitable for the proposed application

2.7 NONSLI P SURFACI NG MATERI AL

Nonslip surfacing material shall consist of 55 percent, mninmm alum num
oxi de or silicon-di oxi de abrasive ceranically bonded together to forma
honbgeneous material sufficiently porous to provide a good bond with
portland cement paste; or factory-graded enmery aggregate consisting of not

| ess than 45 percent al um num oxi de and 25 percent ferric oxide. The
aggregate shall be well graded fromparticles retained on the 0.6 nmm sieve
to particles passing the 2.36 nm sieve.
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2.

8 LATEX BONDI NG AGENT

Latex agents for bonding fresh to hardened concrete shall conformto ASTM C
1059.

.9 EPOXY RESI N

Epoxy resins for use in repairs shall conformto ASTM C 881, Type V, G ade
2. (Cass as appropriate to the existing anbi ent and surface tenperatures.

.10 EMBEDDED | TEM5

Enbedded itens shall be of the size and type indicated or as needed for the

application. Dovetail slots shall be gal vani zed steel. Hangers for
suspended ceilings shall be as specified in Section 09510 ACOUSTI CAL
CEILINGS. Inserts for shelf angles and bolt hangers shall be of malleable

iron or cast or wought steel

11 FLOOR HARDENER

Fl oor hardener shall be a col orl ess aqueous sol uti on contai ni ng zinc
silicofluoride, magnesium silicofluoride, or sodiumsilicofluoride. These
silicofluorides can be used individually or in conbination. Proprietary
hardeners may be used if approved in witing by the Contracting Oficer

.12 PERI METER | NSULATI ON

Perimeter insulation shall be polystyrene conformng to ASTM C 578, Type
I'1; polyurethane conform ng to ASTM C 591, Type IIl; or cellular glass
conformng to ASTM C 552, Type | or IVW.

.13 VAPOR BARRI ER

Vapor barrier shall be of the follow ng properties:

a. M ni mum 15-m | thick pol yol efi n geonmenbrane manufactured with | SO
certified virgin resins.

b. Wat er Vapor Retarder ASTM E 1745 neets C ass B Water Vapor
Transm ssion Rate ASTM E 96 not exceeding 0.006 gr./ft2/hr.

C. Per meance Rating ASTM E 96 not exceeding 0.015 gr./ft2/hr.
d. Punct ure Resi stance ASTM E 154 m ni nrum 1970 gr ans.
e. Tensile Strength ASTM D 638 mi ni num 45l bf /i n.
1) Installation shall be in accordance manufacturer's
i nstructions including taping procedures at the |laps, tape
mat eri al used, patching procedures, and installation at vertica

wal | s.

2) No penetration of the vapor barrier, except as required at
permanent utilities penetrations, shall be all owed.

3) The vapor barrier shall not be left exposed to ultraviolet
rays for nore than a day either in storage or prior to pouring of
the concrete sl ab.
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2.

2.

2.

14 JO NT NMATERI ALS
14. 1 Joint Fillers and Seal ers

Expansion joint fillers shall be prefornmed materials conform ng to ASTM D
1751. Joint Seal ants shall be as specified in Section SECTI ON 03151
EXPANSI ON, CONTRACTI ON AND CONSTRUCTI ON JO NTS | N CONCRETE FOR Cl VI L WORKS.

14. 2 Contraction Joints in Sl abs

Sawabl e type contraction joint inserts shall conformto COE CRD C 540
Nonsawabl e joint inserts shall have sufficient stiffness to permt

pl acenent in plastic concrete wi thout undue deviation froma straight |ine
and shall conformto the physical requirenents of COE CRD-C 540, with the
exception of Section 3.4 "Resistance to Sawing". Plastic inserts shall be
pol yvi nyl chloride conformng to the materials requirenents of COE CRD-C 572

PART 3 EXECUTI ON

3.

1 PREPARATI ON FOR PLACI NG

Bef ore commenci ng concrete placenment, the foll owi ng shall be perforned.
Surfaces to receive concrete shall be clean and free fromfrost, ice, nud,
and water. Forns shall be in place, cleaned, coated, and adequately
supported, in accordance with Section 03100 STRUCTURAL CONCRETE FORMADRK.
Rei nforcing steel shall be in place, cleaned, tied, and adequately
supported, in accordance with Section 03200 CONCRETE RElI NFORCEMENT.
Transporting and conveyi ng equi pnent shall be in-place, ready for use,

cl ean, and free of hardened concrete and foreign material. Equipnment for
consol idating concrete shall be at the placing site and in proper worKking
order. Equi prment and material for curing and for protecting concrete from
weat her or nechani cal damage shall be at the placing site, in proper

wor ki ng condition and in sufficient anount for the entire placenent. When
hot, wi ndy conditions during concreting appear probable, equipnent and
material shall be at the placing site to provide w ndbreaks, shading,
fogging, or other action to prevent plastic shrinkage cracking or other
damagi ng drying of the concrete.

1.1 Foundat i ons

.1.1.1 Concrete on Earth Foundati ons

Earth (subgrade, base, or subbase courses) surfaces upon which concrete is
to be placed shall be clean, danp, and free fromdebris, frost, ice, and
standing or running water. Prior to placenment of concrete, the foundation
shall be well drained and shall be satisfactorily graded and uniformy
conpact ed.

1.2 Previously Placed Concrete

.1.2.1 Preparati on of Previously Placed Concrete

Concrete surfaces to which other concrete is to be bonded shall be abraded
in an approved manner that will expose sound aggregate uniformy w thout
damagi ng the concrete. Laitance and | oose particles shall be renoved.
Surfaces shall be thoroughly washed and shall be npist but w thout free
water for at |east 12 hours before concrete is placed.
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3.

1.3 Vapor Barrier

Vapor barrier shall be provided beneath the interior on-grade concrete
floor slabs. The greatest wi dths and | engths practicable shall be used to
elimnate joints wherever possible. Joints shall be |apped a m ni mum of
300 nm Torn, punctured, or damaged vapor barrier material shall be
renoved and new vapor barrier shall be provided prior to placing concrete.
For mnor repairs, patches nmay be made using |aps of at |east 300 mm
Lapped joints shall be seal ed and edges patched with pressure-sensitive
adhesive or tape not |less than 50 mm w de and conpatible with the
menbrane. Vapor barrier shall be placed directly on underlying subgrade,
base course, or capillary water barrier, unless it consists of crushed
material or large granular material which could puncture the vapor barrier

In this case, the surface shall be choked with a light |ayer of sand, as
approved, before placing the vapor barrier. A 50 mm |ayer of conpacted,
cl ean concrete sand (fine aggregate) shall be placed on top of the vapor
barrier before placing concrete. Concrete placenent shall be controlled so
as to prevent danmage to the vapor barrier, or any covering sand.

.1.4 Peri meter |Insul ation

Perinmeter insulation shall be installed at |ocations indicated. Adhesive
shall be used where insulation is applied to the interior surface of
foundation walls and may be used for exterior application

.1.5 Enbedded |tens

Bef ore pl acenent of concrete, care shall be taken to determ ne that al
enbedded itens are firmy and securely fastened in place as indicated on
the drawi ngs, or required. Conduit and other enbedded itens shall be clean
and free of oil and other foreign matter such as | oose coatings or rust,
pai nt, and scale. The enbedding of wood in concrete will be permitted only
when specifically authorized or directed. Voids in sleeves, inserts, and
anchor slots shall be filled tenmporarily with readily renovable materials
to prevent the entry of concrete into voids. Welding shall not be
performed on enbedded netals within 300 mm of the surface of the concrete.
Tack wel di ng shall not be perforned on or to enbedded itens.

.2 CONCRETE PRODUCTI ON

2.1 Bat chi ng, M xi ng, and Transporting Concrete

Concrete shall be batched and m xed on site. Concrete shall be batched and
m xed onsite or close to onsite; and shall conformto the foll ow ng
subpar agr aphs.

.2.1.1 Cener al

The batching plant shall be | ocated on site in the general area indicated
on the drawi ngs. The batching, mxing and placing systemshall have a
capacity of at least 24 cubic neters per hour. The batching plant shal
conformto the requirenents of NRMCA CPMB 100 and as specified; however,
rating plates attached to batch plant equi pnment are not required.

.2.1.2 Bat chi ng Equi prent

The batching controls shall be sem automatic or automatic, as defined in
NRMCA CPMB 100. A sem automatic batching system shall be provided with
i nterlocks such that the discharge device cannot be actuated until the
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indicated material is within the applicable tolerance. The batching system
shal | be equi pped with accurate recorder or recorders that neet the

requi renents of NRMCA CPMB 100. The weight of water and adm xtures shal

be recorded if batched by weight. Separate bins or conpartnments shall be
provi ded for each size group of aggregate and type of cenentitious
material, to prevent intermngling at any tinme. Aggregates shall be

wei ghed either in separate weigh batchers wi th individual scales or
provided the snmallest size is batched first, cunulatively in one weigh

bat cher on one scale. Aggregate shall not be weighed in the sanme batcher
with cementitious material. |If both portland cement and ot her cenentitious
material are used, they may be batched cunul atively, provided that the
portland cement is batched first. Wter nay be neasured by wei ght or

vol ume. Water shall not be weighed or neasured cunul atively w th another

ingredient. Filling and discharging valves for the water netering or
bat chi ng system shall be so interlocked that the di scharge val ve cannot be
opened before the filling valve is fully closed. Piping for water and for

adm xtures shall be free froml eaks and shall be properly valved to prevent
backfl ow or siphoning. Adnm xtures shall be furnished as a liquid of

sui tabl e concentration for easy control of dispensing. An adjustable,
accurate, mechani cal device for nmeasuring and di spensi ng each adm xture
shal | be provided. Each adm xture di spenser shall be interlocked with the
bat chi ng and di schargi ng operation of the water so that each adm xture is
separately batched and individually discharged automatically in a manner to
obtain uniformdistribution throughout the water as it is added to the
batch in the specified m xing period. Wen use of truck m xers makes this
requi renent inpractical, the adm xture di spensers shall be interlocked with
the sand batchers. Different adm xtures shall not be conbined prior to

i ntroduction in water and shall not be allowed to intermngle until in
contact with the cement. Adnmi xture dispensers shall have suitabl e devices
to detect and indicate flow during di spensing or have a neans for visua
observation. The plant shall be arranged so as to facilitate the

i nspection of all operations at all times. Suitable facilities shall be
provi ded for obtaining representative sanples of aggregates from each bin
or compartment, and for sanpling and calibrating the dispensing of
cenmentitious material, water, and adm xtures. Filling ports for
cenmentitious materials bins or silos shall be clearly marked with a

per manent sign stating the contents.

3.2.1.3 Scal es

The wei ghi ng equi prent shall conformto the applicable requirenments of CPMB
Concrete Plant Standard, and of N ST HB 44, except that the accuracy shal
be plus or minus 0.2 percent of scale capacity. The Contractor shal
provi de standard test wei ghts and any other auxiliary equi pment required
for checking the operating performance of each scal e or other neasuring
devices. The tests shall be nade at the specified frequency in the
presence of a CGovernnent inspector. The weighing equi prent shall be
arranged so that the plant operator can conveniently observe all dials or

i ndi cators.

3.2.1.4 Bat chi ng Tol erances

(A) Tol erances w th Wi ghi ng Equi prent
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PERCENT OF REQUI RED

MATERI AL \EI GHT
Cenmentitious materials Oto plus 2
Aggr egat e plus or mnus 2
Wt er plus or mnus 1
Chemi cal adm xture Oto plus 6

(B) Tolerances with Volunetric Equi prent
For volumetric batching equi prent used for water and adm xtures, the
followi ng tol erances shall apply to the required volune of material being
bat ched:

PERCENT OF REQUI RED

MATERI AL MATERI AL
Wat er : plus or mnus 1 percent
Chemi cal adm xtures: O to plus 6 percent

3.2.1.5 Mbi sture Contr ol

The plant shall be capabl e of ready adjustnment to conpensate for the
varying noi sture content of the aggregates and to change the weights of the
mat eri al s bei ng bat ched.

3.2.1.6 Concrete M xers

M xers shall be stationary mxers or truck mxers. Mxers shall be capable
of combining the materials into a uniformm xture and of discharging this
m xture wthout segregation. The m xers shall not be charged in excess of
t he capacity recommended by the manufacturer. The nixers shall be operated
at the drum or m xi ng bl ade speed designated by the manufacturer. The

m xers shall be mmintained in satisfactory operating condition, and the

m xer drums shall be kept free of hardened concrete. Should any nixer at
any time produce unsatisfactory results, its use shall be pronmptly

di scontinued until it is repaired.

3.2.1.7 Stationary M xers

Concrete plant mxers shall be drumtype mixers of tilting, nontilting,

hori zontal -shaft, or vertical-shaft type, or shall be pug mll type and
shall be provided with an acceptabl e device to | ock the di scharge nechani sm
until the required mxing tine has elapsed. The mxing time and uniformty
shall conformto all the requirenents in ASTM C 94 applicable to
central -m xed concrete

3.2.1.8 Truck M xers

Truck m xers, the mxing of concrete therein, and concrete uniformty shal
conformto the requirenents of ASTM C 94. A truck m xer may be used either
for conplete mxing (transit-mxed) or to finish the partial m xing done in
a stationary mxer (shrink-mxed). Each truck shall be equipped with two
counters fromwhich it is possible to determ ne the nunber of revol utions
at mxing speed and the nunber of revolutions at agitating speed. Water
shall not be added at the placing site unless specifically approved; and in
no case shall it exceed the specified wc. Any such water shall be
injected at the base of the m xer, not at the discharge end.
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3.3 TRANSPORTI NG CONCRETE TO PRQIECT SITE

Concrete shall be transported to the placing site in truck m xers, or by
approved punpi ng equi pnent.

3.4 CONVEYI NG CONCRETE ON SI TE

Concrete shall be conveyed from m xer or transporting unit to fornms as
rapidly as possible and within the time interval specified by nethods which
wi Il prevent segregation or |loss of ingredients using follow ng equi pment.
Conveyi ng equi pnent shall be cl eaned before each pl acenent.

3.4.1 Bucket s

The interior hopper slope shall be not |less than 58 degrees fromthe

hori zontal, the m ni num di nensi on of the clear gate opening shall be at

| east 5 tines the nom nal maxi mum size aggregate, and the area of the gate
openi ng shall not be less than 0.2 square neters. The maxi mum di mensi on of
the gate opening shall not be greater than tw ce the m ni mum di nensi on

The bucket gates shall be essentially grout tight when closed and may be
manual |y, pneumatically, or hydraulically operated except that buckets
larger than 1.5 cubic nmeters shall not be manually operated. The design of
t he bucket shall provide nmeans for positive regulation of the anount and
rate of deposit of concrete in each dunping position

3.4.2 Transfer Hoppers

Concrete may be charged into nonagitating hoppers for transfer to other
conveyi ng devi ces. Transfer hoppers shall be capable of receiving concrete
directly fromdelivery vehicles and shall have conical - shaped di scharge
features. The transfer hopper shall be equipped with a hydraulically
operated gate and with a neans of external vibration to effect conplete

di scharge. Concrete shall not be held in nonagitating transfer hoppers
nore than 30 m nutes.

3.4.3 Trucks

Truck m xers operating at agitating speed or truck agitators used for
transporting plant-m xed concrete shall conformto the requirenents of ASTM
C 94. MNonagitating equi pnent shall be used only for transporting

pl ant - m xed concrete over a snmooth road and when the hauling time is |ess
than 15 m nutes. Bodies of nonagitating equi prent shall be snooth,
watertight, nmetal containers specifically designed to transport concrete,
shaped with rounded corners to mninize segregation, and equi pped wth
gates that will permt positive control of the discharge of the concrete.

3.4.4 Chut es

VWhen concrete can be placed directly froma truck m xer, agitator, or
nonagi tati ng equi pnent, the chutes normally attached to this equi pnment by
t he manufacturer may be used. A discharge deflector shall be used when
required by the Contracting Officer. Separate chutes and other simlar
equi pmrent will not be pernmitted for conveying concrete.

3.4.5 Belt Conveyors

Belt conveyors shall be designed and operated to assure a uniformfl ow of
concrete frommxer to final place of deposit w thout segregation of
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ingredients or loss of nortar and shall be provided with positive neans,
such as discharge baffle or hopper , for preventing segregation of the
concrete at the transfer points and the point of placing. Belt conveyors
shal |l be constructed such that the idler spacing shall not exceed 900 mm
The belt speed shall be a mnimmof 90 neters per mnute and a maxi mum of
225 neters per mnute. |If concrete is to be placed through installed

hori zontal or sloping reinforcing bars, the conveyor shall discharge
concrete into a pipe or elephant truck that is |ong enough to extend

t hrough the reinforcing bars.

3.4.6 Concrete Punps

Concrete may be conveyed by positive displacenment punp when approved. The
punpi ng equi pnent shall be piston or squeeze pressure type; pneumatic

pl aci ng equi pnent shall not be used. The pipeline shall be rigid stee

pi pe or heavy-duty flexible hose. The inside dianeter of the pipe shall be
at least 3 times the nom nal maxi num size coarse aggregate in the concrete
m xture to be punped but not |ess than 100 mm Al um num pi pe shall not be
used.

3.5 PLACI NG CONCRETE

M xed concrete shall be discharged within 1-1/2 hours or before the m xer
drum has revol ved 300 revol uti ons, whichever cones first after the

i ntroduction of the mxing water to the cenent and aggregates. \When the
concrete tenperature exceeds 30 degrees C, the tinme shall be reduced to 45
m nutes. Concrete shall be placed within 15 mnutes after it has been

di scharged fromthe transporting unit. Concrete shall be handled from

m xer or transporting unit to forns in a continuous manner until the
approved unit of operation is conpleted. Adequate scaffolding, ranps and
wal kways shall be provided so that personnel and equi pnment are not
supported by in-place reinforcenent. Placing will not be permtted when
the sun, heat, wind, or limtations of facilities furnished by the
Contractor prevent proper consolidation, finishing and curing. Sufficient
pl aci ng capacity shall be provided so that concrete can be kept free of
cold joints.

3.5.1 Depositing Concrete

Concrete shall be deposited as close as possible to its final position in
the forms, and there shall be no vertical drop greater than 1.5 neters
except where suitable equipnent is provided to prevent segregation and
where specifically authorized. Depositing of the concrete shall be so
regulated that it will be effectively consolidated in horizontal |ayers not
nmore than 300 mm thick, except that all slabs shall be placed in a single
| ayer. Concrete to receive other construction shall be screeded to the

proper level. Concrete shall be deposited continuously in one layer or in
| ayers so that fresh concrete is deposited on in-place concrete that is
still plastic. Fresh concrete shall not be deposited on concrete that has

hardened sufficiently to cause formati on of seans or planes of weakness
within the section. Concrete that has surface dried, partially hardened,
or contains foreign material shall not be used. Wen tenporary spreaders
are used in the forms, the spreaders shall be renoved as their service
becomes unnecessary. Concrete shall not be placed in slabs over col ums
and wall's until concrete in colums and walls has been in-place at |east
two hours or until the concrete begins to lose its plasticity. Concrete
for beams, girders, brackets, colum capitals, haunches, and drop panels
shall be placed at the same tinme as concrete for adjoining slabs.
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3.

5.2 Consol i dati on

| mredi ately after placing, each |ayer of concrete shall be consolidated by
internal vibrators, except for slabs 100 nm thick or |less. The vibrators
shall at all times be adequate in effectiveness and nunber to properly
consol idate the concrete; a spare vibrator shall be kept at the jobsite
during all concrete placing operations. The vibrators shall have a
frequency of not |ess than 10,000 vi brations per mnute, an anplitude of at
least 0.6 nm and the head di aneter shall be appropriate for the
structural nenber and the concrete m xture being placed. Vibrators shal
be inserted vertically at uniform spacing over the area of placenent. The
di stance between insertions shall be approximately 1-1/2 tinmes the radius
of action of the vibrator so that the area being vibrated will overlap the
adj acent just-vibrated area by a reasonable amount. The vibrator shal
penetrate rapidly to the bottomof the | ayer and at | east 150 nm into the
preceding layer if there is such. Vibrator shall be held stationary until
the concrete is consolidated and then vertically withdrawn slowWy while
operating. Formvibrators shall not be used unless specifically approved
and unless forns are constructed to withstand their use. Vibrators shal
not be used to nove concrete within the forns. Slabs 100 mm and less in
t hi ckness shall be consolidated by properly designed vibrating screeds or
ot her approved technique. Excessive vibration of |ightweight concrete
resulting in segration or flotation of coarse aggregate shall be prevented.

Frequency and anplitude of vibrators shall be determ ned in accordance
with COE CRD-C 521. G ate tanpers ("jitterbugs") shall not be used

.5.3 Hot Weat her Requirenents

VWhen the anbient tenperature during concrete placing is expected to exceed
30 degrees C, the concrete shall be placed and finished with procedures
previously submtted and as specified herein. The concrete tenperature at
time of delivery to the forns shall not exceed the tenperature shown in the
tabl e bel ow when neasured in accordance with ASTM C 1064/ C 1064M Cool i ng
of the m xing water or aggregates or placing concrete in the cooler part of
the day may be required to obtain an adequate placing tenperature. A
retarder may be used, as approved, to facilitate placing and finishing.
Steel forns and reinforcenents shall be cool ed as approved prior to
concrete placenent when steel tenperatures are greater than 49 degrees C.
Conveyi ng and pl aci ng equi prent shall be cooled if necessary to maintain
proper concrete-placing tenperature.

Maxi mum Al | owabl e Concrete Pl aci ng Tenperature

Rel ative Hum dity, Percent, Maxi mum Al | owabl e Concrete
During Time of Tenperature
Concrete Pl acenent Degr ees
G eater than 60 33 C
40- 60 30 C
Less than 40 27 C

.5.4 Prevention of Plastic Shrinkage Cracking

During hot weather with | ow humidity, and particularly with appreciable
wind, as well as interior placenents when space heaters produce |ow

hum dity, the Contractor shall be alert to the tendency for plastic
shrinkage cracks to devel op and shall institute neasures to prevent this.
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Particul ar care shall be taken if plastic shrinkage cracking is potentially
i mm nent and especially if it has devel oped during a previous placenent.
Peri ods of high potential for plastic shrinkage cracking can be antici pated
by use of Fig. 2.1.5 of ACI 305R In addition the concrete placenent shal
be further protected by erecting shades and w ndbreaks and by applying fog
sprays of water, sprinkling, ponding or wet covering. Plastic shrinkage
cracks that occur shall be filled by injection of epoxy resin as directed,
after the concrete hardens. Plastic shrinkage cracks shall never be
trowel ed over or filled with slurry.

3.5.5 Pl aci ng Concrete in Congested Areas

Speci al care shall be used to ensure conplete filling of the forns,
elimnation of all voids, and conplete consolidation of the concrete when
pl aci ng concrete in areas congested with reinforcing bars, enbedded itens,
wat er st ops and ot her tight spacing. An appropriate concrete m xture shal
be used, and the nom nal maxi mum size of aggregate (NMSA) shall neet the
specified criteria when evaluated for the congested area. Vibrators with
heads of a size appropriate for the clearances avail able shall be used, and
t he consolidation operation shall be closely supervised to ensure conplete
and thorough consolidation at all points. \Were necessary, splices of
reinforcing bars shall be alternated to reduce congestion. Were two nats
of closely spaced reinforcing are required, the bars in each mat shall be
pl aced in matching alignment to reduce congestion. Reinforcing bars may be
tenmporarily crowded to one side during concrete placenent provided they are
returned to exact required | ocation before concrete placenent and
consol i dati on are conpl et ed.

3.5.6 Pl aci ng Fl owabl e Concrete

If a plasticizing adm xture conforming to ASTM C 1017 is used or if a Type
F or G high range water reducing adm xture is permtted to increase the
slunp, the concrete shall neet all requirenments of paragraph GENERAL

REQUI REMENTS in PART 1. Extrene care shall be used in conveying and

pl aci ng the concrete to avoid segregation. Consolidation and finishing
shall neet all requirenents of paragraphs Placing Concrete, Finishing
Formed Surfaces, and Finishing Unforned Surfaces. No rel axation of

requi renents to accommodate fl owabl e concrete will be permtted

3.6 JO NTS

Joints shall be |ocated and constructed as indicated or approved. Joints
not indicated on the drawi ngs shall be | ocated and constructed to mninize
the inmpact on the strength of the structure. |In general, such joints shal
be | ocated near the middl e of the spans of supported sl abs, beans, and
girders unless a beamintersects a girder at this point, in which case the
joint in the girder shall be offset a distance equal to twi ce the wi dth of
the beam Joints in walls and colums shall be at the underside of floors,
sl abs, beans, or girders and at the tops of footings or floor slabs, unless
ot herwi se approved. Joints shall be perpendicular to the main
reinforcement. All reinforcenment shall be continued across joints; except
that reinforcenent or other fixed netal itens shall not be continuous

t hrough expansion joints, or through construction or contraction joints in
sl abs on grade. Reinforcenment shall be 50 mm clear fromeach joint.
Except where otherw se indicated, construction joints between interior

sl abs on grade and vertical surfaces shall consist of 1.5 kg per square
meter asphalt-saturated felt, extending for the full depth of the slab
The perineters of the slabs shall be free of fins, rough edges, spalling,
or other unsightly appearance. Reservoir for sealant for construction and
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contraction joints in slabs shall be formed to the di mensi ons shown on the
drawi ngs by renoving snap-out joint-formng inserts, by sawi ng sawabl e
inserts, or by sawing to widen the top portion of sawed joints. Joints to
be seal ed shall be cleaned and seal ed as indicated and in accordance with
Section 07900 JO NT SEALI NG

3.6.1 Construction Joints

For concrete other than slabs on grade, construction joints shall be

| ocated so that the unit of operation does not exceed 7.5 neters. Concrete
shal | be placed continuously so that each unit is nonolithic in
construction. Fresh concrete shall not be placed agai nst adjacent hardened
concrete until it is at least 24 hours old. Construction joints shall be

| ocated as indicated or approved. Were concrete work is interrupted by
weat her, end of work shift or other simlar type of delay, |ocation and
type of construction joint shall be subject to approval of the Contracting
Oficer. Unless otherw se indicated and except for slabs on grade,
reinforcing steel shall extend through construction joints. Construction
joints in slabs on grade shall be keyed or dowel ed as shown. Concrete
colums, walls, or piers shall be in place at least 2 hours, or until the
concrete begins to lose its plasticity, before placing concrete for beans,
girders, or slabs thereon. 1In walls having door or w ndow openings, lifts
shall termnate at the top and bottom of the opening. Oher lifts shal
term nate at such levels as to conformto structural requirenments or
architectural details. Where horizontal construction joints in walls or
colums are required, a strip of 25 nmm square-edge |unber, bevelled and
oiled to facilitate renoval, shall be tacked to the inside of the forns at
the construction joint. Concrete shall be placed to a point 25 mm above
the underside of the strip. The strip shall be renoved 1 hour after the
concrete has been placed, and any irregularities in the joint |ine shall be
| eveled off with a wood float, and all l|aitance shall be renoved. Prior to
pl aci ng additi onal concrete, horizontal construction joints shall be
prepared as specified in paragraph Previously Placed Concrete.

3.6.2 Contraction Joints in Slabs on G ade

Contraction joints shall be | ocated and detailed as shown on the draw ngs.
Contraction Joints shall be produced by form ng a weakened plane in the
concrete slab by sawing a continuous slot with a concrete saw. Regardl ess
of method used to produce the weakened plane, it shall be 1/4 the depth of
the slab thickness and between 3 and 5 mm w de. For sawcut joints,
cutting shall be timed properly with the set of the concrete. Cutting
shall be started as soon as the concrete has hardened sufficiently to
prevent ravelling of the edges of the saw cut. Cutting shall be conpleted
bef ore shrinkage stresses beconme sufficient to produce cracking. Reservoir
for joint sealant shall be fornmed as previously specified.

3.6.3 Dowel s and Tie Bars

Dowel s and tie bars shall be installed at the | ocations shown on the

drawi ngs and to the details shown, using materials and procedures specified
in Section 03200 CONCRETE REI NFORCEMENT and herein. Conventional snooth
"pavi ng" dowels shall be installed in slabs using approved nethods to hold
the dowel in place during concreting within a maxi num alignnment tol erance
of 1 mmin 100 mMmm “"Structural" type deforned bar dowels, or tie bars,
shall be installed to neet the specified tolerances. Care shall be taken
during placing adjacent to and around dowels and tie bars to ensure there
is no displacenent of the dowel or tie bar and that the concrete conpletely
enbeds the dowel or tie bar and is thoroughly consoli dated.
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3.7 FI NI SHI NG FORMED SURFACES

Forms, formmaterials, and formconstruction are specified in Section 03100
STRUCTURAL CONCRETE FORMAORK.  Finishing of formed surfaces shall be as
specified herein. Unless another type of architectural or special finish
is specified, surfaces shall be left with the texture inparted by the forns
except that defective surfaces shall be repaired. Unless painting of
surfaces is required, uniformcolor of the concrete shall be maintained by
use of only one mxture w thout changes in materials or proportions for any
structure or portion of structure that requires a dass A Except for
maj or defects, as defined hereinafter, surface defects shall be repaired as
specified herein within 24 hours after forns are renmoved. Repairs of the
so-called "plaster-type" will not be permitted in any | ocation. Tol erances
of formed surfaces shall conformto the requirenments of ACl 117/117R

These tol erances apply to the finished concrete surface, not to the forns

t hensel ves; forms shall be set true to line and grade. Formtie holes
requiring repair and other defects whose depth is at |east as great as
their surface dianeter shall be repaired as specified in paragraph

Danp- Pack Mortar Repair. Defects whose surface dianeter is greater than
their depth shall be repaired as specified in paragraph Repair of Mjor
Defects. Repairs shall be finished flush with adjacent surfaces and with
the sane surface texture. The cenment used for all repairs shall be a bl end
of job cenent with white cenment proportioned so that the final color after
curing and aging will be the same as the adjacent concrete. Concrete with
excessi ve honeyconb, or other defects which affect the strength of the
menber, will be rejected. Repairs shall be denonstrated to be acceptable
and free fromcracks or |oose or drummy areas at the conpletion of the
contract and, for Class A shall be inconspicuous. Repairs not neeting
these requirenments will be rejected and shall be replaced.

3.7.1 C ass A Finish

Class Afinish is required at all exposed surfaces unless noted otherw se.
Fins, ravelings, and | oose material shall be renpbved, all surface defects
over 12 mm in dianmeter or nore than 12 mm deep, shall be repaired and,
except as otherw se indicated or as specified in Section 03100 STRUCTURAL
CONCRETE FORMAORK, holes left by renoval of formties shall be reaned and
filled. Defects nore than 12 nm in dianeter shall be cut back to sound
concrete, but in all cases at |least 25 mm deep. The Contractor shal
prepare a sanple panel for approval (as specified in PART 1) before
conmenci ng repair, showing that the surface texture and color match will be
attained. Metal tools shall not be used to finish repairs in Class A
surf aces.

3.7.2 Class C and Class D Finish

Cass Cfinish is required at all conceal ed surfaces and interior surfaces
of the nechanical and electrical roons. Class Dfinish is required at
foundati on surfaces agai nst which backfill will be placed. Fins, ravelings,
and | oose material shall be renoved, and, except as otherw se indicated or
as specified in Section 03100 STRUCTURAL CONCRETE FORMADRK, holes left by
renoval of formties shall be reaned and filled. Honeyconb and ot her
defects nore than 12 mm deep or nore than 50 nm in dianeter shall be
repaired. Defects nore than 50 mm in diameter shall be cut back to sound
concrete, but in all cases at |east 25 mm deep

3.8 REPAI RS
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3.

8.1 Danp- Pack Mortar Repair

Formtie holes requiring repair and other defects whose depth is at | east
as great as their surface dianeter but not over 100 mm shall be repaired by
t he danp-pack nortar nethod. Formtie holes shall be reamed and ot her
simlar defects shall be cut out to sound concrete. The void shall then be
t hor oughl y cl eaned, thoroughly wetted, brush-coated with a thin coat of

neat cenent grout and filled with nortar. Mortar shall be a stiff mx of 1
part portland cement to 2 parts fine aggregate passing the 1.18 mm sieve,
and m ni mum amount of water. Only sufficient water shall be used to
produce a nortar which, when used, will stick together on being nolded into
a ball by a slight pressure of the hands and will not exude water but wll

| eave the hands danp. Mrtar shall be nmixed and allowed to stand for 30 to
45 mnutes before use with rem xing performed i mediately prior to use
Mortar shall be thoroughly tanped in place in thin layers using a hanmer
and hardwood bl ock. Holes passing entirely through walls shall be
completely filled fromthe inside face by forcing nortar through to the
outside face. Al holes shall be packed full. Danp-pack repairs shall be
noi st cured for at |east 48 hours.

.8.2 Repair of Major Defects

Maj or defects will be considered to be those nore than 12 mm deep or, for
Class A and B finishes, nore than 12 mm in dianeter and, for Cass C and D
finishes, nore than 50 mm in diameter. Also included are any defects of
any ki nd whose depth is over 100 nm or whose surface dianeter is greater
than their depth. Mjor defects shall be repaired as specified bel ow.

.8.2.1 Surface Application of Mirtar Repair

Def ective concrete shall be renoved, and renoval shall extend into

conpl etely sound concrete. Approved equi pment and procedures which will

not cause cracking or mcrocracking of the sound concrete shall be used.

If reinforcement is encountered, concrete shall be renmpbved so as to expose
the reinforcenent for at least 50 nm on all sides. Al such defective
areas greater than 7800 square mm shall be outlined by saw cuts at |east 25
mm deep. Defective areas |less than 7800 square nm shall be outlined by a
25 mm deep cut with a core drill in lieu of sawing. Al saw cuts shall be
straight lines in a rectangular pattern in line with the formwrk panels.
After concrete renoval, the surface shall be thoroughly cl eaned by high
pressure washing to renove all |oose material. Surfaces shall be kept
continually saturated for the first 12 of the 24 hours i medi ately before
pl acing nortar and shall be danp but not wet at the tine of commenci ng
nortar placenent. The Contractor, at his option, may use either
hand- pl aced nortar or nortar placed with a nortar gun. |f hand-pl aced
nortar is used, the edges of the cut shall be perpendicular to the surface
of the concrete. The prepared area shall be brush-coated with a thin coat
of neat cement grout. The repair shall then be made using a stiff nortar
preshrunk by allow ng the mxed nortar to stand for 30 to 45 m nutes and

then rem xed, thoroughly tanped into place in thin layers. |f hand-pl aced
nortar is used, the Contractor shall test each repair area for drunmm ness
by firmtapping with a hamer and shall inspect for cracks, both in the

presence of the Contracting Officer's representative, inmedi ately before
conpletion of the contract, and shall replace any show ng drumr ness or
cracking. If nortar placed with a nortar gun is used, the gun shall be a
smal | conpressed air-operated gun to which the nortar is slowy hand fed
and which applies the nortar to the surface as a hi gh-pressure stream as
approved. Repairs made using shotcrete equiprment will not be accepted.
The nortar used shall be the sanme nortar as specified for danp-pack nortar
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repair. |If gun-placed nortar is used, the edges of the cut shall be
bevel ed toward the center at a slope of 1:1. Al surface applied nortar
repairs shall be continuously noist cured for at |east 7 days. Mbist
curing shall consist of several l|layers of saturated burlap applied to the
surface imedi ately after placenent is conplete and covered with

pol yet hyl ene sheeting, all held closely in place by a sheet of plywod or
simlar material rigidly braced against it. Burlap shall be kept
continually wet.

3.8.3 Resi nous and Latex Material Repair

In lieu of the portland cenent bonding coats specified above, an epoxy
resin or a |latex bondi ng agent nmay be used.

3.9 FI NI SHI NG UNFORVED SURFACES

The finish of all unformed surfaces shall neet the requirenents of
par agraph Tol erances in PART 1, when tested as specified herein.

3.9.1 Cener al

The anbi ent tenperature of spaces adjacent to unformed surfaces being
finished and of the base on which concrete will be placed shall be not |ess
than 10 degrees C. In hot weather all requirements of paragraphs Hot

Weat her Requirenments and Prevention of Plastic Shrinkage Cracking shall be
met. Unformed surfaces that are not to be covered by additional concrete

or backfill shall have a float finish, with additional finishing as
specified bel ow, and shall be true to the elevation shown on the draw ngs.
Surfaces to receive additional concrete or backfill shall be brought to the

el evati on shown on the draw ngs, properly consolidated, and left true and
regul ar. Unless otherw se shown on the draw ngs, exterior surfaces shal
be sloped for drainage, as directed. Where drains are provided, interior
floors shall be evenly sloped to the drains. Joints shall be carefully
made with a jointing or edging tool. The finished surfaces shall be
protected fromstains or abrasions. Gate tanpers or "jitterbugs" shal

not be used for any surfaces. The dusting of surfaces with dry cenent or
other materials or the addition of any water during finishing shall not be
permtted. |If bleedwater is present prior to finishing, the excess water
shal |l be carefully dragged off or renoved by absorption wth porous
materials such as burlap. During finishing operations, extrene care shal
be taken to prevent over finishing or working water into the surface; this
can cause "crazing" (surface shrinkage cracks which appear after hardening)
of the surface. Any slabs with surfaces which exhibit significant crazing
shal | be renoved and replaced. During finishing operations, surfaces shal
be checked with a 10 foot straightedge, applied in both directions at
regul ar intervals while the concrete is still plastic, to detect high or

| ow ar eas.

3.9.2 Rough Sl ab Fini sh

As a first finishing operation for unformed surfaces and as final finish
receive a rough slab finish prepared as follows. Areas indicated on the
drawi ngs shall receive only a rough slab finish. The concrete shall be
uniformy placed across the slab area, consolidated as previously
specified, and then screeded with straightedge strikeoffs imedi ately after
consolidation to bring the surface to the required finish level with no
coarse aggregate visible. Side fornms and screed rails shall be provided,
rigidly supported, and set to exact line and grade. Allowable tolerances
for finished surfaces apply only to the hardened concrete, not to forns or
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screed rails. Fornms and screed rails shall be set true to |ine and grade.
"Wet screeds" shall not be used.

3.9.3 Fl oat ed Fi ni sh

Sl abs to receive nore than a rough slab finish shall next be given a wood
float finish. Roof surfaces shall be given only a float finish. The
screeding shall be followed i medi ately by darbying or bull floating before
bl eeding water is present, to bring the surface to a true, even pl ane.

Then, after the concrete has stiffened so that it will withstand a man's
wei ght without inprint of nore than 6 mm and the water sheen has

di sappeared, it shall be floated to a true and even plane free of ridges.

Fl oating shall be performed by use of suitable hand floats or power driven
equi prent. Sufficient pressure shall be used on the floats to bring a film
of noisture to the surface. Hand floats shall be nmade of wood, nmagnesi um
or alum num Concrete that exhibits stickiness shall be floated with a
magnesi um fl oat. Care shall be taken to prevent over-finishing or

i ncorporating water into the surface.

3.9.4 Trowel ed Fi ni sh

Al interior floors, except where indicated otherw se, shall be given a
trowel finish. After floating is conplete and after the surface noisture
has di sappeared, unfornmed surfaces shall be steel-troweled to a snooth,
even, dense finish, free from bl enm shes including trowel marks. In lieu of
hand fini shing, an approved power finishing nmachine may be used in
accordance with the directions of the nachine nmanufacturer. Additiona
trowel i ngs shall be performed, either by hand or machine until the surface
has been troweled 2 times, with waiting period between each. Care shall be
taken to prevent blistering and if such occurs, troweling shall imediately
be stopped and operations and surfaces corrected. A final hard stee
troweling shall be done by hand, with the trowel tipped, and using hard
pressure, when the surface is at a point that the trowel wll produce a
ringi ng sound. The finished surface shall be thoroughly consolidated and
shall be essentially free of trowel marks and be uniformin texture and
appearance. The concrete mxture used for troweled finished areas shall be
adjusted, if necessary, in order to provide sufficient fines (cenentitious
material and fine sand) to finish properly.

3.9.5 Non- Sl'ip Finish

Non-slip floors shall be constructed in accordance with the foll ow ng
subpar agr aphs.

3.9.5.1 Br ooned

Exterior wal kways, ranps and hardstands shall be given a broonmed finish.
After floating, the surface shall be lightly steel trowel ed, and then
carefully scored by pulling a hair coarse fiber push-type broom across the
surface. Broom ng shall be transverse to traffic or at right angles to the
sl ope of the slab. After the end of the curing period, the surface shal

be vigorously brooned with a coarse fiber broomto renove all |oose or

sem - det ached particl es.

3.9.6 Heavy Duty Fl oors

Al interior refrigerated spaces shall have heavy duty floors constructed
as follows:
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3.9.6.1 CGener a

Heavy duty floor shall be constructed by placing a heavy duty bonded
topping. Concrete in the base slab shall be thoroughly hardened but not
nmore than 30 hours old. The tenperature of the fresh concrete topping
shall not vary nore than 5 degrees C plus or mnus fromthe tenperature of
the base slab. The anbient tenperature of the space adjacent to the
concrete placenent and of the base slab shall be between 10 and 30 degrees
C

3.9.6.2 Pl aci ng and Fi ni shi ng

Concrete shall be placed, as nearly as practicable in final position, in a
uniformlayer. The overlay shall be placed and screeded slightly above the
requi red finished grade, conpacted by rolling with rollers weighing not
less than 4.5 kg per linear 25 mm of roller width or by approved tanping
equi prent and finish screeded to established grade. Gid type tanpers
shall not be used. The concrete, while still green but sufficiently
hardened to bear a person's weight without deep inprint, shall be floated
to a true even plane with no coarse aggregate visible. Floating shall be
performed with an approved di sc-type nmechani cal float which has integra

i npact nechanism The surface of the overlay shall then be left

undi sturbed until the concrete has hardened enough to prevent excess fines
frombeing worked to the top. Joints shall be fornmed to match those in the
base sl ab

3.9.6.3 Curing and Protection

Concrete shall be mamintained in a noist condition and shall be protected
agai nst rapid tenperature change, mechanical injury, and injury fromrain
or flowing water, for a curing period of not less than 10 days. Concrete
shall be maintained in a nmoist condition at tenperatures above 10 and bel ow
30 degrees C throughout the specified curing period. Concrete shall be
protected froma tenperature change greater than 3 degrees C per hour and
fromrapid drying for the first 24 hours follow ng the renoval of
tenmperature protection. Curing activities shall begin as soon as free

wat er has di sappeared fromthe concrete surface after placing and
finishing. Curing shall be noist curing acconplished by the foll ow ng

met hod. Surfaces shall be covered with a double |ayer of burlap, wetted
before pl aci ng, and overl apped at | east 150 nm Burlap shall be kept
continually wet and in intimte contact with the surface. Burlap shall be
kept covered with a polyethyl ene sheeting at least 0.1 mmthick. All
traffic shall be kept fromthe floor during the curing period and heavy
traffic shall be kept off till 28-day age.

3.10 FLOOR HARDENER

Areas as indicated on the drawi ngs shall be treated with fl oor hardener

Fl oor hardener shall be applied after the concrete has been cured and then
air dried for 28 days. Three coats shall be applied, each the day after
the preceding coat was applied. For the first application, 0.5 kg of the
silocofluoride shall be dissolved in 4 liters of water. For subsequent
applications, the solution shall be 1.0 kg of silicofluoride to each 4
liters of water. Floor should be nopped with clear water shortly after
the preceding application has dried to renmove encrusted salts. Proprietary
hardeners shall be applied in accordance with the manufacturer's
instructions. During application, area should be well ventil ated.
Precauti ons shall be taken when applying silicofluorides due to the
toxicity of the salts. Any conpound that contacts glass or alum num shoul d
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be i medi ately removed with clear water.
3.11 EXTERI CR SLAB AND RELATED | TEMS
3.11.1 Pavenent s

Pavenments shall be constructed where shown on the drawi ngs. After forns
are set and underlying material prepared as specified, the concrete shal
be placed uniformy throughout the area and thoroughly vibrated. As soon
as placed and vibrated, the concrete shall be struck off and screeded to
the crown and cross section and to such el evati on above grade that when
consol i dated and finished, the surface of the paverment will be at the
required elevation. The entire surface shall be tanmped with the strike
of f, or consolidated with a vibrating screed, and this operation continued
until the required conpaction and reduction of internal and surface voids
are acconplished. Care shall be taken to prevent bringing excess paste to
the surface. Imediately followi ng the final consolidation of the surface,
t he pavenent shall be floated longitudinally frombridges resting on the
side fornms and spanni ng but not touching the concrete. |If necessary,
addi ti onal concrete shall be placed and screeded, and the float operated
until a satisfactory surface has been produced. The floating operation
shal | be advanced not nore than half the length of the float and then
continued over the new and previously floated surfaces. After finishing is
conpl eted but while the concrete is still plastic, minor irregularities and
score marks in the pavenment surface shall be elimnated by neans of
| ong- handl ed cutting strai ghtedges. Straightedges shall be 3.75 m in
I ength and shall be operated fromthe sides of the pavenent and from
bridges. A straightedge operated fromthe side of the pavenment shall be
equi pped with a handle 1 m I|onger than one-half the width of the pavenent.
The surface shall then be tested for trueness with a 3.75 straightedge
hel d in successive positions parallel and at right angles to the center
line of the pavenment, and the whol e area covered as necessary to detect
variations. The straightedge shall be advanced al ong the pavenent in
successi ve stages of not nore than one-half the I ength of the straightedge.
Depressions shall be imediately filled with freshly m xed concrete,
struck off, consolidated, and refinished. Projections above the required
el evation shall also be struck off and refinished. The straightedge
testing and finishing shall continue until the entire surface of the
concrete is true. Before the surface sheen has di sappeared and well| before
t he concrete becones nonplastic, the surface of the pavenent shall be given
a nonslip sandy surface texture by use of a burlap drag. A strip of clean
wet burlap from1.0 to 1.5 m wide and 0.7 m |onger than the pavenent
wi dth shall be carefully pulled across the surface. Edges and joints shal
be rounded with an edger having a radius of 3 nm Curing shall be as
speci fi ed.

3.11.2 Si dewal ks

Concrete shall be 100 nm mninumthickness. Contraction joints shall be
provided at 1.75 m spaces unless otherwi se indicated. Contraction joints
shall be cut 25 mm deep with a jointing tool after the surface has been
finished. Transverse expansion joints 12 mm thick shall be provided at
changes in direction and where sidewal k abuts curbs, steps, rigid pavenent,
or other simlar structures. Sidewal ks shall be given a lightly brooned
finish. A transverse slope of 1 mmper 50 nm shall be provided, unless
otherw se indicated. Variations in cross section shall be [imted to 1 mm
per 250 mm

3.11.3 Curbs and GQutters
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Concrete shall be formed, placed, and finished by hand using a properly
shaped "mul e" or constructed using a slipformmachi ne specially designed
for this work. Contraction joints shall be cut 75 nm deep with a jointing
tool after the surface has been finished. Expansion joints (12 mm wi de)
shal | be provided at 35 m maxi mum spaci ng unl ess ot herw se i ndi cated.
Exposed surfaces shall be finished using a stiff bristled brush.

3.11. 4 Pits and Trenches

Pits and trenches shall be constructed as indicated on the draw ngs.
Bottons and walls shall be placed nmonolithically or waterstops and keys,
shal | be provided as approved.

3.12 CURI NG AND PROTECTI ON
3.12.1 Cener al

Concrete shall be cured by an approved nethod for the period of tine given
bel ow

Concrete with Type I11 cenent 3 days
Al'l other concrete 7 days

I mredi ately after placenment, concrete shall be protected from premature
drying, extremes in tenperatures, rapid tenperature change, nechanica
injury and damage fromrain and flowi ng water for the duration of the
curing period. Air and forns in contact with concrete shall be maintained
at a tenperature above 10 degrees C for the first 3 days and at a
tenperature above 0 degrees C for the remai nder of the specified curing
peri od. Exhaust fumes from conbustion heating units shall be vented to the
out si de of the enclosure, and heaters and ducts shall be placed and
directed so as not to cause areas of overheating and drying of concrete
surfaces or to create fire hazards. Materials and equi pnrent needed for
adequate curing and protection shall be available and at the site prior to
pl aci ng concrete. No fire or excessive heat, including welding, shall be
permtted near or in direct contact with the concrete at any tinme. Except
as otherw se permtted by paragraph Menbrane Form ng Curing Conpounds,
nmoi st curing shall be provided for any areas to receive floor hardener, any
paint or other applied coating, or to which other concrete is to be bonded.
Concrete containing silica fume shall be initially cured by fog m sting
during finishing, followed i nmediately by continuous noi st curing. Except
for plastic coated burlap, inpervious sheeting alone shall not be used for
curing.

3.12.2 Moi st Curi ng

Concrete to be noist-cured shall be maintai ned continuously wet for the
entire curing period, commencing i mediately after finishing. |If water or
curing materials used stain or discolor concrete surfaces which are to be
per manent |y exposed, the concrete surfaces shall be cleaned as approved.
VWhen wooden fornms are left in place during curing, they shall be kept wet

at all tines. |If steel forns are used in hot weather, nonsupporting
vertical forns shall be broken | oose fromthe concrete soon after the
concrete hardens and curing water continually applied in this void. |If the

forns are renmpoved before the end of the curing period, curing shall be
carried out as on unformed surfaces, using suitable materials. Surfaces
shal | be cured by ponding, by continuous sprinkling, by continuously
saturated burlap or cotton mats, or by continuously saturated plastic
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coated burlap. Burlap and mats shall be clean and free from any

contam nati on and shall be conpletely saturated before being placed on the
concrete. The Contractor shall have an approved work systemto ensure that
nmoi st curing is continuous 24 hours per day.

3.12.3 Menbr ane Form ng Curing Conpounds

Concrete may be cured with a nonpi gnented curing conpound containing a
fugitive dye in lieu of noist curing. Menbrane curing shall not be used on
surfaces that are to receive any subsequent treatnent dependi ng on adhesion
or bonding to the concrete, including surfaces to which a snooth finish is
to be applied or other concrete to be bonded. However, a styrene acrylate
or chlorinated rubber conmpound neeting ASTM C 309, d ass B requirenents,
may be used for surfaces which are to be painted or are to receive

bi t um nous roofing or waterproofing, or floors that are to recei ve adhesive
applications of resilient flooring. The curing conpound sel ected shall be
conpati ble with any subsequent paint, roofing, waterproofing or flooring
speci fied. Menbrane curing conpound shall not be used on surfaces that are
mai ntai ned at curing tenperatures with free steam Curing conpound shal

be applied to formed surfaces inmmedi ately after the fornms are renoved and
prior to any patching or other surface treatnent except the cleaning of

| oose sand, nortar, and debris fromthe surface. Al surfaces shall be

t horoughly noistened with water. Curing conpound shall be applied to slab
surfaces as soon as the bl eeding water has di sappeared, with the tops of
joints being tenporarily sealed to prevent entry of the compound and to
prevent moisture loss during the curing period. The curing conpound shal
be applied in a two-coat continuous operation by approved notorized
power - sprayi ng equi pnent operating at a mni num pressure of 500 kPa, at a
uni form coverage of not nore than 10 cubic nmeters per L for each coat, and
t he second coat shall be applied perpendicular to the first coat. Concrete
surfaces which have been subjected to rainfall within 3 hours after curing
conpound has been applied shall be resprayed by the nmethod and at the
coverage specified. Surfaces on which clear conmpound is used shall be
shaded fromdirect rays of the sun for the first 3 days. Surfaces coated
wi th curing conmpound shall be kept free of foot and vehicular traffic, and
from ot her sources of abrasion and contam nation during the curing period.

3.12.4 | mper vi ous Sheeti ng

| mpervi ous-sheet curing shall only be used on horizontal or nearly

hori zontal surfaces. Surfaces shall be thoroughly wetted and be conpletely
covered with the sheeting. Sheeting shall be at |east 450 nm w der than
the concrete surface to be covered. Covering shall be laid with
light-colored side up. Covering shall be | apped not |ess than 300 nm and
securely wei ghted down or shall be | apped not | ess than 100 mm and taped
to forma continuous cover with conpletely closed joints. The sheet shal
be weighted to prevent displacenent so that it remains in contact with the
concrete during the specified |l ength of curing. Coverings shall be fol ded
down over exposed edges of slabs and secured by approved nmeans. Sheets
shall be immediately repaired or replaced if tears or holes appear during
the curing period.

3.12.5 Pondi ng or | mrersion
Concrete shall be continually imersed throughout the curing period. Water
shall not be nore than 10 degrees C |less than the tenperature of the
concrete.

3.13  SETTI NG BASE PLATES AND BEARI NG PLATES
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After being properly positioned, columm base plates, bearing plates for
beanms and simlar structural menbers, and machi nery and equi pnent base

pl ates shall be set to the proper line and el evation with danp-pack beddi ng
nortar, except where nonshrink grout is indicated. The thickness of the
nmortar or grout shall be approximately 1/24 the width of the plate, but not
less than 20 mm Concrete and netal surfaces in contact wi th grout shal

be clean and free of oil and grease, and concrete surfaces in contact with
grout shall be danp and free of l|aitance when grout is placed. Nonshrink
grout shall be used as indicated on the draw ngs.

3.13.1 Danp- Pack Beddi ng Mort ar

Danp- pack bedding nortar shall consist of 1 part cenent and 2-1/2 parts
fine aggregate having water content such that a mass of nortar tightly
squeezed in the hand will retain its shape but will crunble when disturbed.
The space between the top of the concrete and bottom of the bearing plate
or base shall be packed with the bedding nortar by tanping or ranmng wth
a bar or rod until it is conpletely filled.

3.13.2 Nonshri nk G out

Nonshrink grout shall be a ready-m xed material requiring only the addition
of water. Water content shall be the minimumthat will provide a flowable
m xture and conpletely fill the space to be grouted w thout segregation

bl eedi ng, or reduction of strength.

3.13.2.1 M xi ng and Pl aci ng of Nonshrink G out

M xi ng and pl aci ng shall be in conformance with the material manufacturer's
instructions and as specified therein. Ingredients shall be thoroughly
dry-m xed before adding water. After adding water, the batch shall be

m xed for 3 mnutes. Batches shall be of size to allow continuous

pl acenent of freshly m xed grout. Gout not used within 30 m nutes after

m xi ng shall be discarded. The space between the top of the concrete or
machi nery-bearing surface and the plate shall be filled solid with the
grout. Formnms shall be of wood or other equally suitable material for
conpletely retaining the grout on all sides and on top and shall be renoved
after the grout has set. The placed grout shall be carefully worked by
roddi ng or other nmeans to elimnate voids; however, overworking and
breakdown of the initial set shall be avoided. Gout shall not be
retenpered or subjected to vibration fromany source. Were clearances are
unusual ly small, placenent shall be under pressure with a grout punp.
Tenperature of the grout, and of surfaces receiving the grout, shall be

mai ntai ned at 18 to 30 degrees C until after setting.

3.13.2.2 Treat ment of Exposed Surfaces

For nmetal - oxi di zi ng nonshrink grout, exposed surfaces shall be cut back 25
mm and i mediately covered with a parge coat of nortar consisting of 1
part portland cement and 2-1/2 parts fine aggregate by weight, with
sufficient water to make a plastic mxture. The parge coat shall have a
snooth finish. For other nortars or grouts, exposed surfaces shall have a
snoot h-dense finish and be left untreated. Curing shall conply with

par agr aph CURI NG AND PROTECTI ON.

3.14 TESTI NG AND | NSPECTI ON FOR CONTRACTOR QUALI TY CONTROL

The Contractor shall performthe inspection and tests described bel ow and,
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based upon the results of these inspections and tests, shall take the
action required and shall submt specified reports. When, in the opinion
of the Contracting Oficer, the concreting operation is out of control
concrete placenent shall cease and the operation shall be corrected. The

| aboratory performng the tests shall be onsite and shall conformw th ASTM
C 1077. WMaterials may be subjected to check testing by the Governnent from
sanpl es obtained at the nmanufacturer, at transfer points, or at the project
site.

3.14.1 Grading and Corrective Action
3.14.1.1 Fi ne Aggregate

At | east once during each shift when the concrete plant is operating, there
shal | be one sieve analysis and fineness nodul us determ nation in
accordance with ASTM C 136 and CCE CRD-C 104 for the fine aggregate or for
each fine aggregate if it is batched in nore than one size or
classification. The location at which sanples are taken may be sel ected by
the Contractor as the nobst advantageous for control. However, the
Contractor is responsible for delivering fine aggregate to the mxer within
specification limts. Wen the amount passing on any sieve is outside the
specification limts, the fine aggregate shall be inmmedi ately resanpl ed and
retested. |If there is another failure on any sieve, the fact shal

i medi ately reported to the Contracting O ficer, concreting shall be
stopped, and inmedi ate steps taken to correct the grading.

3.14.1. 2 Coar se Aggregate

At | east once during each shift in which the concrete plant is operating,
there shall be a sieve analysis in accordance with ASTM C 136 for each size
of coarse aggregate. The |location at which sanples are taken may be
sel ected by the Contractor as the nost advantageous for production control
However, the Contractor shall be responsible for delivering the aggregate
to the mixer within specification limts. A test record of sanples of
aggregate taken at the sane locations shall show the results of the current
test as well as the average results of the five nost recent tests including
the current test. The Contractor may adopt limts for control coarser than
the specification limts for sanples taken other than as delivered to the
m xer to allow for degradation during handling. Wen the anmount passing
any sieve is outside the specification limts, the coarse aggregate shal
be i medi ately resanpled and retested. |If the second sanple fails on any
sieve, that fact shall be reported to the Contracting Oficer. Wuere tw
consecutive averages of 5 tests are outside specification limts, the
operation shall be considered out of control and shall be reported to the
Contracting Officer. Concreting shall be stopped and i medi ate steps shal
be taken to correct the grading.

3.14.2 Qual ity of Aggregates

Thirty days prior to the start of concrete placenent, the Contractor shal
performall tests for aggregate quality required by ASTM C 33. In
addition, after the start of concrete placenent, the Contractor shal
performtests for aggregate quality at |east every three nonths, and when

t he source of aggregate or aggregate quality changes. Sanples tested after
the start of concrete placenent shall be taken inmediately prior to
entering the concrete m xer

3.14.3 Scal es, Batching and Recordi ng
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The accuracy of the scales shall be checked by test weights prior to start
of concrete operations and at | east once every three nonths. Such tests
shall al so be nade as directed whenever there are variations in properties
of the fresh concrete that could result frombatching errors. Once a week
t he accuracy of each batching and recording device shall be checked during
a wei ghi ng operation by noting and recording the required weight, recorded
wei ght, and the actual weight batched. At the sane tinme, the Contractor
shall test and ensure that the devices for dispensing adni xtures are
operating properly and accurately. Wen either the weighing accuracy or
bat chi ng accuracy does not conply with specification requirenents, the

pl ant shall not be operated until necessary adjustments or repairs have
been nade. Discrepancies in recording accuracies shall be corrected

i medi at el y.

3.14. 4 Bat ch- Pl ant Contr ol

The nmeasurenent of concrete materials including cenentitious materials,
each size of aggregate, water, and adm xtures shall be continuously
controll ed. The aggregate wei ghts and anount of added water shall be

adj usted as necessary to conpensate for free noisture in the aggregates.
The anmount of air-entraining agent shall be adjusted to control air content
within specified limts. A report shall be prepared indicating type and
source of cement used, type and source of pozzolan or slag used, anount and
source of adm xtures used, aggregate source, the required aggregate and

wat er wei ghts per cubic neter, anmount of water as free noisture in each
size of aggregate, and the batch aggregate and water wei ghts per cubic
meter for each class of concrete batched during each day's plant operation

3.14.5 Concrete M xture

a. Air Content Testing. Air content tests shall be nmade when test
speci mens are fabricated. In addition, at least two tests for air
content shall be nade on randomy sel ected batches of each
separate concrete m xture produced during each 8-hour period of
concrete production. Additional tests shall be made when
excessive variation in workability is reported by the placing
foreman or Government inspector. Tests shall be nmade in
accordance with ASTM C 231 for normal weight concrete and ASTM C
173 for lightweight concrete. Test results shall be plotted on
control charts which shall at all times be readily available to
t he Governnment and shall be submitted weekly. Copies of the
current control charts shall be kept in the field by testing crews
and results plotted as tests are made. Wien a single test result
reaches either the upper or lower action limt, a second test
shal |l imedi ately be made. The results of the two tests shall be
averaged and this average used as the air content of the batch to
pl ot on both the air content and the control chart for range, and
for determ ning need for any renedial action. The result of each
test, or average as noted in the previous sentence, shall be
plotted on a separate control chart for each m xture on which an
"average line" is set at the mdpoint of the specified air content
range from paragraph Air Entrainment. An upper warning limt and
a lower warning limt line shall be set 1.0 percentage point above
and bel ow the average |line, respectively. An upper action limt
and a lower action limt line shall be set 1.5 percentage points
above and bel ow the average |ine, respectively. The range between
each two consecutive tests shall be plotted on a secondary control
chart for range where an upper warning limt is set at 2.0
percent age points and an upper action limt is set at 3.0
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percentage points. Sanples for air content may be taken at the
m xer, however, the Contractor is responsible for delivering the
concrete to the placenment site at the stipulated air content. If
the Contractor's materials or transportation nethods cause air
content |oss between the nmixer and the placenment, correlation
sanmpl es shall be taken at the placenent site as required by the
Contracting O ficer, and the air content at the m xer controlled
as directed.

b. Air Content Corrective Action. Wenever points on the control
chart for percent air reach either warning limt, an adjustnent
shall imediately be made in the anmount of air-entraining
adm xture batched. As soon as practical after each adjustnent,
anot her test shall be made to verify the result of the adjustnent.

VWhenever a point on the secondary control chart for range reaches
the warning limt, the adm xture di spenser shall be recalibrated
to ensure that it is operating accurately and with good
reproduci bility. Wenever a point on either control chart reaches
an action limt line, the air content shall be considered out of
control and the concreting operation shall imrediately be halted
until the air content is under control. Additional air content
tests shall be nmade when concreting is restarted.

c. Slunp Testing. In addition to slunp tests which shall be nade
when test specinmens are fabricated, at |east four slunmp tests
shal |l be made on randomy sel ected batches in accordance with ASTM
C 143 for each separate concrete m xture produced during each
8-hour or less period of concrete production each day. Al so,
additional tests shall be nade when excessive variation in
workability is reported by the placing foreman or Gover nnment
i nspector. Test results shall be plotted on control charts which
shall at all times be readily available to the Governnent and
shall be submtted weekly. Copies of the current control charts
shall be kept in the field by testing crews and results plotted as
tests are made. Wen a single slunp test reaches or goes beyond
ei ther the upper or lower action limt, a second test shal
i medi ately be nade. The results of the two tests shall be
averaged and this average used as the slunp of the batch to pl ot
on both the control charts for slunp and the chart for range, and
for determ ning need for any renedial action. Limts shall be set
on separate control charts for slunp for each type of m xture.

The upper warning limt shall be set at 12.5 nm bel ow t he maxi mum
al | owabl e sl unp specified in paragraph Slunp in PART 1 for each
type of concrete and an upper action limt [ine and | ower action
l[imt line shall be set at the nmaxi num and m ni num al | owabl e
slunps, respectively, as specified in the same paragraph. The
range between each consecutive slunp test for each type of mxture
shall be plotted on a single control chart for range on which an
upper action Iimt is set at 50 mm Sanples for slunp shall be
taken at the mxer. However, the Contractor is responsible for
delivering the concrete to the placenent site at the stipul ated
slunp. If the Contractor's materials or transportation nethods
cause slunp | oss between the m xer and the placenent, correlation
sanmpl es shall be taken at the placenent site as required by the
Contracting O ficer, and the slunp at the mxer controlled as

di rect ed.

d. Slunp Corrective Action. \enever points on the control charts
for slunmp reach the upper warning limt, an adjustnment shal
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i medi ately be nade in the batch weights of water and fine
aggregate. The adjustnents are to be nade so that the total water
content does not exceed that anount allowed by the nmaxi mum w c
rati o specified, based on aggregates which are in a saturated
surface dry condition. Wen a single slunp reaches the upper or
lower action limt, no further concrete shall be delivered to the
placing site until proper adjustnments have been made. |mediately
after each adjustnent, another test shall be made to verify the
correctness of the adjustnent. Whenever two consecutive

i ndi vidual slunp tests, made during a period when there was no

adj ustment of batch wei ghts, produce a point on the control chart
for range at or above the upper action limt, the concreting
operation shall inmrediately be halted, and the Contractor shal
take appropriate steps to bring the slunmp under control

Addi tional slunmp tests shall be nade as directed.

e. Tenperature. The tenperature of the concrete shall be neasured
when conpressive strength speci nens are fabricated. Measurenent
shall be in accordance with ASTM C 1064/ C 1064M The tenperature
shall be reported along with the conpressive strength data.

f. Strength Specinmens. At |east one set of test specinmens shall be
made, for conpressive or flexural strength as appropriate, on each
different concrete mxture placed during the day for each 380
cubic nmeters or portion thereof of that concrete m xture placed
each day. Additional sets of test specinmens shall be nade, as
directed by the Contracting Oficer, when the mixture proportions
are changed or when | ow strengths have been detected. A truly
random (not haphazard) sanpling plan shall be devel oped by the
Contractor and approved by the Contracting O ficer prior to the
start of construction. The plan shall assure that sanpling is
done in a conpletely random and unbi ased manner. A set of test
speci mens for concrete with a 28-day specified strength per
par agraph Strength Requirenments in PART 1 shall consist of four
speci mens, two to be tested at 7 days and two at 28 days. A set
of test specinmens for concrete with a 90-day strength per the sane
par agraph shall consist of six specinens, two tested at 7 days,
two at 28 days, and two at 90 days. Test specinmens shall be
nol ded and cured in accordance with ASTM C 31/C 31M and tested in
accordance with ASTM C 39 for test cylinders and ASTM C 78 for
test beanms. Results of all strength tests shall be reported
i mediately to the Contracting Oficer. Quality control charts
shal |l be kept for individual strength "tests", ("test" as defined
i n paragraph Strength Requirements in PART 1) noving average of
last 3 "tests" for strength, and noving average for range for the
last 3 "tests" for each mixture. The charts shall be simlar to
those found in ACI 214. 3R

3.14.6 I nspection Before Pl acing
Foundati ons, construction joints, fornms, and enbedded itens shall be
i nspected by the Contractor in sufficient tine prior to each concrete
pl acenent in order to certify to the Contracting Oficer that they are
ready to receive concrete. The results of each inspection shall be
reported in witing.

3.14. 7 Pl aci ng
The pl acing foreman shall supervise placing operations, shall determne

SECTI ON 03300 Page 40
( Am 0002)



COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

that the correct quality of concrete or grout is placed in each |ocation as
specified and as directed by the Contracting O ficer, and shall be
responsi bl e for measuring and recording concrete tenperatures and anbi ent
tenmperature hourly during placing operations, weather conditions, time of
pl acenent, vol une placed, and nmethod of placenment. The placing forenman
shall not permt batching and placing to begin until it has been verified
that an adequate nunber of vibrators in working order and with conpetent
operators are available. Placing shall not be continued if any pile of
concrete is inadequately consolidated. |[If any batch of concrete fails to
nmeet the tenperature requirenents, inmediate steps shall be taken to

i nprove tenperature controls.

3.14.8 Vi brators

The frequency and anplitude of each vibrator shall be determined in
accordance with COE CRD-C 521 prior to initial use and at |east once a
nmont h when concrete is being placed. Additional tests shall be made as
directed when a vibrator does not appear to be adequately consolidating the
concrete. The frequency shall be determned while the vibrator is
operating in concrete with the tachonmeter being held against the upper end
of the vibrator head while al nost subnmerged and just before the vibrator is
wi thdrawn fromthe concrete. The anplitude shall be determned with the
head vibrating in air. Two neasurenents shall be taken, one near the tip
and anot her near the upper end of the vibrator head, and these results
averaged. The make, nodel, type, and size of the vibrator and frequency
and anmplitude results shall be reported in witing. Any vibrator not
nmeeting the requirenments of paragraph Consolidation, shall be i mediately
renoved from service and repaired or replaced.

3.14.9 Curing I nspection

a. Mist Curing Inspections. At |east once each shift, and not |ess
than twi ce per day on both work and non-work days, an inspection
shall be made of all areas subject to moist curing. The surface
noi sture condition shall be noted and recorded.

b. Mist Curing Corrective Action. Wen a daily inspection report
lists an area of inadequate curing, inmmrediate corrective action
shal |l be taken, and the required curing period for those areas
shal | be extended by 1 day.

c. Menbrane Curing Inspection. No curing conpound shall be applied
until the Contractor has verified that the conmpound is properly
m xed and ready for spraying. At the end of each operation, the
Contractor shall estimate the quantity of conmpound used by
nmeasur enent of the container and the area of concrete surface
covered, shall conpute the rate of coverage in square neters per
Liter, and shall note whether or not coverage is uniform

d. Menbrane Curing Corrective Action. Wien the coverage rate of the
curing conpound is |less than that specified or when the coverage
is not uniform the entire surface shall be sprayed agai n.

e. Sheet Curing Inspection. At |east once each shift and once per
day on non-work days, an inspection shall be made of all areas
bei ng cured using inpervious sheets. The condition of the
covering and the tightness of the |laps and tapes shall be noted
and recorded.
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f. Sheet Curing Corrective Action. Wen a daily inspection report
lists any tears, holes, or laps or joints that are not conpletely
cl osed, the tears and holes shall pronptly be repaired or the
sheets replaced, the joints closed, and the required curing period
for those areas shall be extended by 1 day.

3.14.10 M xer Uniformty

a. Stationary Mxers. Prior to the start of concrete placing and
once every 6 nonths when concrete is being placed, or once for
every 60,000 cubic neters of concrete placed, whichever results
in the shortest tine interval, uniformty of concrete m xing shal
be determined in accordance with ASTM C 94.

b. Truck Mxers. Prior to the start of concrete placing and at | east
once every 6 nmonths when concrete is being placed, uniformty of
concrete m xing shall be determ ned in accordance with ASTM C 94.
The truck m xers shall be selected randomy for testing. Wen
sati sfactory performance is found in one truck m xer, the
performance of m xers of substantially the same design and
condition of the blades may be regarded as satisfactory.

c. Mxer Uniformty Corrective Action. Wen a mxer fails to neet
m xer uniformty requirements, either the mxing tine shall be
i ncreased, batchi ng sequence changed, batch size reduced, or
adjustnents shall be nmade to the mixer until conpliance is
achi eved.

3.14. 11 Reports

Al results of tests or inspections conducted shall be reported informally
as they are conpleted and in witing daily. A weekly report shall be
prepared for the updating of control charts covering the entire period from
the start of the construction season through the current week. During

peri ods of col d-weather protection, reports of pertinent tenperatures shal
be made daily. These requirements do not relieve the Contractor of the
obligation to report certain failures i mediately as required in precedi ng
par agraphs. Such reports of failures and the action taken shall be
confirmed in witing in the routine reports. The Contracting Oficer has
the right to examne all contractor quality control records.

-- BEnd of Section --
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SECTI ON 03411

PLANT- PRECAST STRUCTURAL CONCRETE, BEAMS AND COLUWNS

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by the
basi c designation only.

AMERI CAN ASSCCI ATI ON OF STATE H GHWAY AND TRANSPORTATI ON OFFI CI ALS

( AASHTO)
AASHTO SSHB- | - 14 H ghway Bridges-Division |I-Section 14:
Beari ngs
ACI | NTERNATI ONAL ( ACl)
ACl 304R (1989) Measuring, Mxing, Transporting,
and Pl aci ng Concrete
ACl 305R (1991) Hot Weat her Concreting
ACl 309R (1996) Consolidation of Concrete
ACl 318/ 318M (1995) Buil ding Code Requirenents for

Structural Concrete
AVERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI)
ANSI A135.4 (1995) Basic Hardboard

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM A 27/ A 27M (1995) Steel Castings, Carbon, for Ceneral
Application

ASTM A 36/ A 36M (1996) Carbon Structural Steel

ASTM A 47M (1990) Ferritic Malleable Iron Castings
(Metric)

ASTM A 123/ A 123M (1997; Rev. A) Zinc (Hot-Di p Gal vani zed)
Coatings on Iron and Steel Products

ASTM A 153/ A 153M (1995) Zinc Coating (Hot-Dip) on Iron and
St eel Hardware

ASTM A 307 (1994) Carbon Steel Bolts and Studs,
60, 000 psi Tensile Strength

ASTM A 563M (1996) Carbon and Alloy Steel Nuts (Metric)

ASTM A 615/ A 615M (1996; Rev. A) Defornmed and Pl ain
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Billet-Steel Bars for Concrete
Rei nf or cenent

ASTM A 706/ A 706M (1996; Rev. B) Low Al l oy Steel Deforned
and Plain Bars for Concrete Reinforcenent

ASTM A 767/ A 767M (2000) Zinc-Coated (Gal vanized) Steel Bars
for Concrete Reinforcenent

ASTM A 780 (1993; Rev. A) Repair of Danmaged and
Uncoat ed Areas of Hot-Di p Gal vani zed
Coat i ngs

ASTM A 884/ A 884M (2001) Epoxy-Coated Steel Wre and Wl ded
Wre Fabric Reinforcenent

ASTM A 934/ A 934M (2001) Epoxy-Coated Prefabricated Steel
Rei nf orci ng Bars

ASTM C 33 (1997) Concrete Aggregates

ASTM C 94 (1997) Ready-M xed Concrete

ASTM C 260 (1995) Air-Entraining Adm xtures for
Concrete

ASTM C 494 (1992) Chem cal Adm xtures for Concrete

ASTM C 1107 (1997) Packaged Dry, Hydraulic-Cenent

G out (Nonshri nk)

ASTM F 844 (1990) Wwashers, Steel, Plain (Flat),
Unhar dened for CGeneral Use

AVERI CAN VEELDI NG SOCI ETY ( AWS)

AWS D1. 4 (1998) Structural Wl ding Code -
Rei nf orci ng St eel

PRECAST/ PRESTRESSED CONCRETE | NSTI TUTE (PCl)

PCl M\L-116 (1985) Quality Control for Plants and
Producti on of Precast Prestressed Concrete
Pr oduct s

PClI M\L-120 (1992) Design Handbook - Precast and

Prestressed Concrete
1.2 PRECAST MEMBERS

The work includes the provision of precast non-prestressed concrete herein
referred to as precast nenbers. Precast nenbers shall be the product of a
manuf acturer specializing in the production of precast concrete nmenbers. In
the ACI publications, the advisory provisions shall be considered to be
mandat ory, as though the word "shall" has been substituted for "shoul d"
wherever it appears; reference to the "Building Oficial," the "Structural
Engi neer" and the "Architect/Engi neer" shall be interpreted to nmean the
Contracting O ficer.
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1.3 SUBM TTALS

Submit the following in accordance with Section 01330, "Submttal
Procedures.”

SD- 02 Shop Drawi ngs
Drawi ngs of precast nenbers; G AE

SD- 03 Product Data
Anchorage and lifting inserts and devices
Beari ng pads

SD- 05 Design Data
Precast concrete nmenbers design calculations; G AE
Concrete m x design

SD-06 Test Reports
Contractor-furni shed m x design
Submit copies of test reports showing that the m x has been
successfully tested to produce concrete with the properties
specified and will be suitable for the job conditions. Qbtain
approval before concrete placenent.

SD-07 Certificates

Fabricati on

Submit quality control procedures established in accordance wth
PCI M\L-116 by the precast manufacturer.

SD- 11 d oseout Submittals
Concrete batch ticket information

1.4 QUALITY CONTROL

1.4.1 Precast Concrete Menmber Design
ACl 318/318M and the PCI M\L-120. Design precast nenbers (including
connections) for the design | oad conditions and spans indicated, and for
addi ti onal | oads inposed by openi ngs and supports of the work of other
trades. Design precast nenbers for handling w thout cracking in accordance
with the PClI M\L-120.

1.4.2 PCl Quality Certifications
PCI M\L-116. At the precast manufacturer's option, in lieu of core
sampl es, ACI 318/318M full scale load tests may be perforned. Perform on
randomy sel ected nenbers, as directed by the Contracting O ficer.

1.4.2.1 Product Quality Control
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PCI M\L-116 for PCl enrolled plants. \Where precast nenbers are

manuf actured by specialists in plants not currently enrolled in the PCl
"Quality Control Program" provide a product quality control systemin
accordance with PCl MNL-116 and perform concrete and aggregate quality
control testing using an approved, independent commercial testing

| aboratory. Submt test results to the Contracting Oficer

1.5 DELI VERY AND STORAGE
Lift and support precast nenbers at the lifting and supporting points
i ndi cated on the shop drawi ngs. Store precast nenbers off the ground.
Separate stacked precast nenbers by battens across the full wi dth of each
bearing point. Protect from weather, marring, danage, and overl oad.

1.6 FACTORY | NSPECTI ON
At the option of the Contracting O ficer, precast units may be inspected by
the Contracting Officer prior to being transported to the job site. The
Contractor shall give notice 14 days prior to the time the units will be
avai l abl e for plant inspection. Neither the exercise nor waiver of
i nspection at the plant will affect the Governnent's right to enforce
contractual provisions after units are transported or erected.

1.7 QUALI TY ASSURANCE

1.7.1 Drawi ng I nformation
Submit drawi ngs indicating conplete information for the fabrication,
handl i ng, and erection of the precast nenber. Draw ngs shall not be
reproductions of contract drawi ngs. Design calcul ations and draw ngs of
precast menbers (including connections) shall be prepared and seal ed by a
regi stered professional engineer, and submtted for approval prior to
fabrication. The drawi ngs shall indicate, as a mnimm the foll ow ng
i nformation:

a. Marking of menbers for erection
b. Connections for work of other trades

c. Connections between nenbers, and connections between nenbers and
ot her construction

d. Location and size of openings
e. Headers for openings

f. Joints between nenbers, and joints between nenbers and ot her
construction

g. Reinforcing details

h. WMaterial properties of steel and concrete used
i. Lifting and erection inserts

j. Dinmensions and surface finishes of each nenber

k. FErection sequence and handling requirenents
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1

. Al loads used in design (such as live, dead, handling, and
erection)

m  Braci ng/shoring required
7.2 Desi gn Cal cul ati ons

Submit calculations reflecting design conformng to requirenents of

par agraph entitled "Precast Concrete Menber Design." Design calculations
and drawi ngs of precast nenbers (including connections) shall be prepared
and seal ed by a registered professional engineer, and subnmitted for
approval prior to fabrication.

. 7.3 Concrete M x Design

Thirty days mninumprior to concrete placenent, submit a m x design for
each strength and type of concrete. Include a conplete list of materials
i ncludi ng type; brand; source and anount of cenent, pozzol an, and

adm xtures; and applicable reference specifications.

. 7.4 Certificates: Record Requirenent

ASTM C 94. Submit mandatory batch ticket information for each | oad of
ready- m xed concrete.

PART 2 PRODUCTS

2.

1 CONTRACTOR- FURNI SHED M X DESI GN

ACl 318/318M The m ni mum conpressive strength of concrete at 28 days
shal |l be 35 MPa, unl ess otherw se indicated. Add air-entraining adm xtures
at the mxer to produce between 4 and 6 percent air by vol une.

.2 MATERI ALS

2.1 Cenent

Cenment shall be in accordance with Paragraph 2.1 of Section 03300 "Concrete
Rei nf or cement "

.2.2 Wat er

Water shall be fresh, clean, and potable.

.2.3 Aggr egat es

.2.3.1 Aggregat es Sel ection

ASTM C 33. (btain aggregates for exposed concrete surfaces from one
source. Aggregates shall not contain any substance which may be
deleteriously reactive with the alkalies in the cenent.

.2.4 G out

.2.4.1 Nonshri nk G out
ASTM C 1107.

.2.4.2 Cenentitious G out
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Shall be a mxture of portland cenent, sand, and water. Proportion one
part cenent to approximately 2.5 parts sand, with the amount of water based
on placenent nethod.
2.2.5 Adm xtures
2.2.5.1 Ai r-Entraining
ASTM C 260.
2.2.5.2 Accel erating
ASTM C 494, Type C or E.
2.2.5.3 \Water Reducing
ASTM C 494, Type A, E, or F.
2.2.6 Rei nf or cenment
2.2.6.1 Rei nf orci ng Bars
Rei nforcing steel shall be deformed bars conform ng to ASTM A 615/ A 615M
epoxy-coated in accordance with ASTM A 934/ A 934M and ASTM A 706/ A 706M f or
wel ded reinforcing steel, zinc-coated in accordance to ASTM A 767/ A 767M
grades and sizes as indicat ed.
2.2.6.2 Wel ded Wre Fabric
ASTM A 884/ A 884M
2.2.7 Met al Accessories
Provi de ASTM A 123/ A 123M or ASTM A 153/ A 153M gal vani zed.
2.2.7.1 Inserts
ASTM A 47M G ade 22010, or ASTM A 27/ A 27M G ade 415- 205.
2.2.7.2 Structural Steel
ASTM A 36/ A 36M
2.2.7.3 Bol ts
ASTM A 307.
2.2.7.4 Nut s
ASTM A 563M
2.2.7.5 \ashers
ASTM F 844 washers for ASTM A 307 bolts.
2.2.8 Beari ng Pads
2.2.8.1 El astoneri c
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AASHTO SSHB-1 - 14, for plain neoprene bearings.
2.2.8.2 Har dboard (I nterior Only)

ANSI A135.4, class as specified by the precast nmanufacturer
2.3 FABRI CATI ON

PCI M\L-116 unl ess specified otherw se.
2.3.1 For s

Brace forms to prevent deformation. Forms shall produce a snooth, dense
surface. Chanfer exposed edges of colums and beans 200 mm unl ess
otherwi se indicated. Provide threaded or snap-off type formties.

2.3.2 Rei nf or cenent Pl acenent

ACl 318/ 318M for placement and splicing. Reinforcement may be preassenbl ed
before placenent in forns. Provide exposed connecting bars, or other
approved connection nethods, between precast and cast-in-pl ace
construction. Renove any excess nortar that adheres to the exposed
connecti ons.

2.3.3 Concrete
2.3.3.1 Concrete M xing

ASTM C 94. M xing operations shall produce batch-to-batch uniformty of
strength, consistency, and appearance.

2.3.3.2 Concrete Pl acing

ACl 304R, ACI 305R for hot weather concreting and ACI 309R, unl ess
ot herwi se specified.

2.3.3.3 Concrete Curing

Commence curing inmrediately following the initial set and conpl etion of
surface finishing. Provide curing procedures to keep the tenperature of
the concrete between 10 and 90 degrees C. Wen accelerated curing i s used,
apply heat at controlled rate and uniformy along the casting beds. Nbonitor
tenperatures at various points in a product line in different casts.

2.3.4 Sur face Fini sh

Repairs located in a bearing area shall be approved by the Contracting
Oficer prior to repairs. Precast nenbers containing hairline cracks which
are visible and are less than 0.5 mmin width, may be accepted, except that
cracks larger than 0.1 mmin width for surfaces exposed to the weat her
shal |l be repaired. Precast menbers which contain cracks greater than 0.5 nmm
in width shall be approved by the Contracting O ficer, prior to being
repaired. Any precast nenber that is structurally inpaired or contains
honeyconbed secti on deep enough to expose reinforcing shall be rejected.

2.3.4.1 Unf or med Sur f aces

Provide a floated finish.
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2.

3.4.2 For ned Surfaces

PCI M\L-116 (Appendix A - Conmmentary), Chapter 3, for grades of surface
fini shes.

a. Unexposed Surfaces: Provide a comercial grade surface finish.

b. Exposed Surfaces: Provide a standard grade surface finish. The
conbi ned area of acceptable defective areas shall not exceed 0.2
percent of the exposed to view surface area, and the patches shal
be indistinguishable fromthe surroundi ng surfaces when dry.

PART 3 EXECUTI ON

3.

1 SURFACE REPAI R

Prior to erection, and again after installation, precast nenbers shall be
checked for damage, such as cracking, spalling, and honeyconbing. As
directed by the Contracting O ficer, precast nmenbers that do not neet the
surface finish requirenents specified in Part 2 in paragraph entitled
"Surface Finish" shall be repaired, or renoved and replaced with new
precast nenbers.

.2 ERECTI ON

Precast nenbers shall be erected after the concrete has attained the
speci fied conpressive strength, unless otherw se approved by the precast
manuf acturer. FErect in accordance with the approved shop draw ngs. PCl
MNL-116 and PCI M\L-120 (Chapter 8), for tolerances. Brace precast
menbers, unl ess design cal culations subnmitted with the shop draw ngs
indicate bracing is not required. Follow the manufacturer's
recomendati ons for maxi mum construction | oads. Place precast menbers

| evel , plunb, square, and true within tolerances. Align nenber ends.

.3 BEARI NG SURFACES

Shall be flat, free of irregularities, and properly sized. Size bearing
surfaces to provide for the indicated cl earances between the precast nenber
and adj acent precast nmenbers or adjoining field placed surfaces. Correct
bearing surface irregularities with nonshrink grout. Provide bearing pads
where indicated or required. Do not use hardboard bearing pads in exterior
| ocations. Place precast nenbers at right angles to the bearing surface,
unl ess indicated otherwi se, and drawup tight w thout forcing or
distortion, with sides plunb.

.4 ANCHORACGE

Provi de anchorage for fastening work in place. Conceal fasteners where
practicable. Make threaded connections up tight and nick threads to
prevent | ooseni ng.

.5  VELD NG

AWS D1.4 for welding connections and reinforcing splices. Protect the
concrete and other reinforcing fromheat during welding. Weld continuously
along the entire area of contact. Gind snmooth visible welds in the
finished installation. WIlding of epoxy-coated reinforcing is not all owed.
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3.

6 OPENI NGS

Hol es or cuts requiring reinforcing to be cut, which are not indicated on
t he approved shop drawi ng, shall only be made with the approval of the
Contracting O ficer and the precast manufacturer. Drill holes |ess than300
mmin diameter with a dianond tipped core drill.

.7 GALVANI ZI NG REPAI R

Repai r damage to gal vani zed coatings using ASTM A 780 zinc rich paint for
gal vani zed surfaces damaged by handling, transporting, cutting, welding,
bolting, or acid washing. Do not heat surfaces to which repair paint has
been appli ed.

.8 GROUTI NG

Cean and fill keyways between precast nmenbers, and other indicated areas,
solidly with nonshrink grout or cenentitious grout. Provide reinforcing
where indi cated. Renove excess grout before hardening.

.9 SEALANTS

Provide as indicated and as specified in Section 07900, "Joint Sealing."

-- BEnd of Section --
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SECTI ON 13038

COLD- STORAGE ROOVS ( PREFABRI CATED PANEL TYPE)

PART 1  GENERAL

1.1 REFERENCES
The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by the
basi c designation only.

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM A 580/ A 580M (1994) Stainless and Heat - Resistant Stee
Wre
ASTM E 580 (1991) Application of Ceiling Suspension

Systens for Acoustical Tile and Lay-in
Panel s in Areas Requiring Seismc Restraint

M LI TARY SPECI FI CATI ONS ( M5)

M L- R-43900 (Rev. B) Refrigerators, Freezers,
Pref abri cated, Mechani cal, Commerci al
wal k-1n

NSF | NTERNATI ONAL ( NSF)

NSF 7 (1997) Commercial Refrigerators and
St orage Freezers

1.2 SUBM TTALS

CGovernment approval is required for submittals with a "G designation;
submttals not having a "G' designation are for information only. Wen
used, a designation following the "G' designation identifies the office
that will review the submttal for the Governnent. The follow ng shall be
subm tted in accordance with Section 01330 SUBM TTAL PROCEDURES:

Submit the following in accordance with Section 01330, "Subnitta
Procedures.”

SD- 02 Shop Drawi ngs
Col d storage roomns
Submit shop drawi ngs for cold storage roons, indicating wall and ceiling
panel s, refrigerated doors, pallet storage racks, refrigeration equipnent,
fire protection systens, electrical l|ighting, and other associated
constructi on.
SD- 03 Product Data
Col d storage roomns
Submit manufacturer's catal og data for cold storage roons.
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SD- 08 Manufacturer's Instructions
Col d storage roomns
Submit manufacturer's installation instructions for cold storage roons.
SD-10 QOperation and Mai ntenance Data
Col d storage roonms, G ED

Submit operation and mai ntenance data for cold storage roons.

PART 2 PRODUCTS

2.

1 COLD STORAGE ROOVB

The col d storage roomshall conformto NSF 7 and to M L-R- 43900,
factory-fabricated type, and nodified as required with the foll ow ng
requi renents:

a. Type |l - Chill Roons, and Type Il - Freezer
b. Style A floorless design

c. Insulated Wall and Ceiling Panels: Wall panels shall be not |ess
than 7 010 nm high for chilled and freezer roomnms, and not |ess
than 4 200 nmfor the ice storage room and issue/receive area.
Modul ar prefabricated insulated wall and ceiling panels shall be
designed for accurate and easy field erection. Panels shall be
i nset ribbed panels exactly forned with netal dies to ensure pane
uniformty and assure interchangeability with |like panels. Mta
panel s shall have an inside preparation coat of bonding agent to
create a stable adhesion with the foaminsul ation. Panels shall be
made w thout internal wood or nmetal structural nenbers, with 100%
of each panel exclusive of metal pans and | ocking devices being of
f oam pol yur et hane insul ati on. Panel edges shall be tongue and
groove configuration |ap design or other configurations to assure
proper alignnent and airtight, vaporproof joints. In addition to
the standard live | oads, design ceiling panels to w thstand | oads,
not |less than 120 kil ograns, derived from mai ntenance personne
wal ki ng on top of ceiling panels to service equi pnent and pi pi ng.

d. Wall and Ceiling Fastening System Al nodul ar panel sections
shal | be | ocked securely together with camlock fasteners for
tongue and groove configuration or with self tapping screws for
| ap design configuration. Caml ocking fasteners shall consist of a
cam action, positioned in the groove section. Locking arm and
metal rod shall be contained within netal housing. By the rotation
of the locking arm the hook shall engage over the rod and draw
t he panel section tightly together. Locking arm shall be by neans
of a standard hexagonal wench. Pres-fit caps shall be provided to
cl ose wench holes. There shall be not [ess than three caml ock
fasteners in each vertical and horizontal joint. Horizonta
pl acenent of cam|locks at wall/ceiling or wall/floor juncture
shal | not exceed 600 mm Spacing of self tapping screws for |ap
design configuration panels shall be in accordance wth
manuf acturer' s printed instructions.
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e. Fasteners: Fasteners for attachment to structural supports and
fasteners for attachment to adjoining panels shall be as approved,
and in accordance with the manufacturer's recommendation. Unless
specified otherwi se herein, the fasteners shall be bolts and
nuts, No 14 self tapping screws, and/or expansion type fasteners.
Fasteners shall be stainless steel, except, for expansion type
fasteners, which shall be stainless steel and al um num All
fasteners shall have conposite netal and pol ychl or oprene washers.

f. Qutside Insulated Panel Supports: Provide structural support
system out side of the refrigerated space. The support system shal
be designed and as reconmended by the insul ated panel system
manuf acturer. Suspension systens for insulated ceiling panels
shall be fabricated fromal uminumw th cl ear anodized finish or
Type 316 stainless steel, designed, sized to neet |oad
requi renents, and neet seismic requirenments conformng to ASTM E
580. Epoxy filled anchors with self-contained epoxy or polyester
resin capsul e shall be threaded stainless steel anchor rod. Hanger
wires, if required, shall be stainless steel conformng to ASTM A
580/ A 580M not |ess than (10-1/2 gage) 3 mm di aneter. Hanger
rods, if required, shall be not less than (3/8") 9 mm di aneter
Type 316 stainless steel. Al fasteners and anchors shall be Type
316 stainl ess steel

g. Sw nging doors shall be single and double swing types with
ri ght-handed and | eft-handed openi ngs as indicated. Sliding doors
shal |l be electric operated, bi-parting, and manual operated,
single slide. Sizes and heights of door openingss shall be as
i ndi cated. Doors and franmes shall be stainless stee
construction, except where ABS constructed doors are indicated.

h. Electrical characteristics as indicated.

i. Preservation and packing shall be Level A, overseas shipnent.

j. Provide recording thernoneter.

k. Provide tenperature alarmsystemw th connector for renote
tenperature alarm

. Provide interior lighting.
2.2 PALLET STORAGE RACKS

Pal | et storage racks shall be specified in section 11551 PALLET STORAGE
RACKS.

2.3 REFRI GERATI ON EQUI PMENT

Refrigeration equi pnment shall be as indicated and as specified in Section
15652 COLDSTORAGE REFRI GERATI ON SYSTEMS.

2.4 HYDRONI C FLOOR WARM NG SYSTEM

Hydronic floor warm ng system bel ow freezer floors shall be as indicated
and as specified in Section 13040 HYDRONI C FLOOR WARM NG SYSTEM

2.5 VET PI PE SPRI NKLER SYSTEM
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Wet pi pe sprinkler systemshall be as indicated and as specified in Section
13930 VET PI PE SPRI NKLER SYSTEM FI RE PROTECTI ON.

2.6 FI RE ALARM DEVI CES
Provi de special fastening systemfor the fire alarmdevices as specified in
Section 13851 FI RE DETECTI ON AND ALARM SYSTEM ADDRESSABLE

PART 3 EXECUTI ON

3.1 | NSTALLATI ON
Installati on procedures shall conformto NSF 7, and the manufacturer's
instructions. Submt a set of instructions covering both assenbly of the
roons and installation of the refrigeration equi pnent before starting
installation.

3.1.1 Epoxy Filled Anchor Installation

Install epoxy filled anchors at precast prestressed concrete tees in
accordance with the manufacturer's printed instructions. The anchor studs

shall be clean of dirt, dust, paint, grease, oil, rust, or other
contam nati on or other coating which would prevent direct coating adhesion
Drill proper sized holes. Clean out hole with wire brush and bl owout-bul b

or bl owout hose attached to the injector tool. Prior to injection

di scharge approximately one fluid ounce of epoxy; the epoxy col or shal
match the col or band on the nozzle valve nut. Insert the nozzle into the
bottom of the hole and fill the hole to 1/2 the hole depth. Insert the
selected rod slowy by hand into the bottom of the hole using a slow
twisting notion to ensure the epoxy fills the voids and crevices.
Hardening will begin in approximately 7 mnutes at roomtenperature.
Install and tighten steel menbers after 24 hours of curing.

3.2 MANUFACTURER S FI ELD SERVI CES
Furni sh manufacturer's representatives who are trained to performthe
services specified. The representatives shall furnish and services on the
follow ng matters:
a. FErection, alignnment, and testing.

b. Charging equi pnent with refrigerant and oil.

c. Starting equi prent and training governnment personnel as to its
proper care, operation, and nai ntenance.

3.3 TESTS

Performthe tests for each room and provide everything required. Notify
the Contracting O ficer 10 days before performng the tests. Tests shal
be performed in the presence of a manufacturer's representative.

3.3.1 Start-Up and Qperational Tests
Start up and initially operate the systens upon conpletion of the

installation of the equipnment and refrigerant piping. Adjust the safety
and automatic controls to place themin operation and sequence. Record
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manuf acturer's recommended readings hourly. Qperational tests shall cover
a period of not |less than 24 hours.

3.3.2 Per f or mance Tests
Upon conpl etion of the operational tests the systens shall be perfornmance
tested. Test duration shall not be |less than 8 hours. Tests shall include
the following information to be in the report wth concl usions regarding

t he adequacy of the systens:

a. Time, dates and duration of tests.

b. Inside dry-bulb and wet-bulb tenperatures maintained in each room
during the tests enploying recording instrunents calibrated before
the tests.

c. Qutside dry-bulb and wet-bul b tenperatures obtained fromrecording
instrunments calibrated and checked hourly with a sling
psychroneter.

d. Evaporator and condenser entering and | eaving tenperatures taken
hourly with the conpressors in operation

e. The make, nodel and capacity of each evaporator and condensing
unit.

f. Voltnmeter and anmeter readings for condensing units and
evapor at or s.

3.4 OPERATI NG | NSTRUCTI ONS

Provide a framed and gl assed control chart indicating a |layout of the
refrigeration systens, including piping, valves, wiring, and control
mechani sms. Install control chart where directed. Submt printed

i nstructions covering the maintenance and operation of refrigeration

equi prent. Tag shutoff valves in accordance with the printed instructions.
Provi de special tools as necessary for repair and mai ntenance of the

equi prrent .

3.5 CLEANI NG

Renove maski ng-protection from stainless steel and other finished surfaces.
Wash and clean floors, walls, shelves, and ceilings inside roonms and
exposed surfaces on the outside. Cean glass, fixtures and fittings.

3.6 | NSTRUCTI NG OPERATI NG PERSONNEL
Upon conpletion of the work and at a tine designated by the Contracting
Oficer, provide for the instruction of Governnent personnel in the
operation and mai nt enance of each refrigeration system The period of
instruction shall be for not |ess than one 8-hour working day.

-- BEnd of Section --
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SECTI ON 13040

HYDRONI C FLOOR WARM NG SYSTEM

PART 1 GENERAL

1.

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
designation only.

Al R MOVEMENT AND CONTROL ASSOCI ATI ON ( AMCA)

AMCA 300 1985 (Rev. 1987) Reverberant Room Met hod
for Sound Testing of Fans

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM A53 1989a Pi pe, Steel, Black and Hot - D pped
Zi nc- Coat ed Wl ded and Seanl ess

ASTM A234 1989a Piping Fittings of Wought Carbon
Steel and Alloy Steel for Mderate and
El evat ed Tenper at ures

.2 DESCRI PTI ON

Provi de and underfloor hydronic floor warm ng systeminstalled in the
freezer and ice storage concrete base slab to prevent freeze buil dup and
fl oor heavage.
3  SCOPE
a. The Contractor shall supply all |abor, supervision, tools,
equi prent and materials for the conplete installation and testing
of the floor warm ng system

b. The Scope of the work shall include, but not be Ilinmted to, the
furni shing and installation of the foll ow ng:

(1) Plastic pipe grids for concrete grout base slab under
freezer storage

(2) Testing as hereinafter specified.

(3) Al'l above-fl oor exposed piping for the floor warm ng system
including flow indicators, vents, valves, strainers, gauges,
thernmoneters and fittings as shown on the Draw ng.

(4) Fl oor warm ng punps.

(5) Expansi on t ank
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1.

(6) Al'l equi prent and pi pe supports.
(7) 40% et hyl ene gl ycol / 60% water fluid charge.
(8) Air handl er.
(9) Hydronic electric heater.
4 SUBM TTALS

CGovernment approval is required for submittals with a "G' designation;
submttals not having a "G' designation are for information only. Wen
used, a designation following the "G' designation identifies the office
that will review the submttal for the Governnent. The follow ng shall be
subm tted in accordance with Section 01330 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
Hydroni ¢ Fl oor Warm ng System

Detail drawi ngs consisting of illustrations, schedul es, perfornance charts,
i nstructions, brochures, diagranms, and other information to illustrate the
requi renents and operations of each system Detail draw ngs for the

conpl ete systemincluding air noving devices, punps and associ at ed
appurtenances; piping |layouts and | ocations of connections; dinensions for
roughi ng-in, foundation, and support points; and schematic diagrans and

Wi ring diagrans or connection interconnection diagrans; and installation
details. Details drawi ngs shall show proposed | ayout and anchorage of

equi prent and appurtenances and rel ationship of equipnent to other parts of
t he work, including clearances required for mai ntenance and operation

SD- 03 Product Data

Spare Parts

4.1 Spare Parts

A conmplete list intriplicate of parts and supplier with a source of
supply, after approval of material and equi pment and not later than 2
nmonths prior to the date of beneficial occupancy.

SD-06 Test Reports

Test Reports

.4.2 Test Reports

Test reports in booklet formshowing all field tests perfornmed by the
testing |l aboratory to adjust each conmponent, and all field tests perforned
to prove conpliance with the specified perfornmance criteria, upon
conpletion and testing of the installed system Each test report shall
indicate the final position of controls.

SD- 08 Manufacturer's |Instructions
Hydroni ¢ Fl oor Warm ng System

Proposed di agrans, instructions, and other sheets, prior to posting.
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Framed instructions under glass or in lamnated plastic, including wring
and control diagranms showi ng the conplete layout of the entire system
shal | be posted where directed. Condensed operating instructions
expl ai ni ng preventative mai nt enance procedures, nethods of checking the
system for normal safe operation, and procedures for safely starting and
stopping the system shall be prepared tin typed form franed as specified
above for the wiring and control diagrans, and posted beside the diagrans.
The framed instructions shall be posted before acceptance testing of the
syst ens.

SD-10 Operation and Mai ntenance Data
Hydroni ¢ Fl oor Warmi ng System G ED

Si x conpl ete copies of operation manuals outlining the step-by-step
procedures required for systemstartup, operation and shutdown. The

i nstructions shall include the manufacturer's nane, nodel nunber, service
manual , and a brief description of all equi prent and their basic operating
features. Six conplete copies of maintenance manuals listing routine

mai nt enance procedures, possible breakdowns and repairs, and trouble
shooting guides. The instructions shall include sinplified wiring and
control diagrans for the systemas installed.

PART 2 PRODUCTS
2.1 STANDARD COMMERCI AL PRODUCTS

Mat eri al s and equi prent shall be standard products of a a manufacturer
regul arly engaged in the manufacturing of such product,s which are of a
simlar material, design and workmanshi p. The standard products shall have
been in satisfactory conmercial or industrial use for 2 years prior to bid
opening. The 2 years use shall include applications of equipnent and
material s under simlar circunstances and of simlar size. The 2 year
experi ence shall be satisfactorily conpleted by a product which has been
sold or is offered for sale on the comercial market through
advertisenents, manufacturer's catal ogs, or brochures. Products having
less than a 2 year field service record will be acceptable if a certified
record of satisfactory field operation, for not |ess than 6000 hours

excl usive of the manufacturer's factory tests, can be shown. system
conmponents shall be environnmentally suitable for the indicated | ocations.

2.2  CENTRAL STATI ON Al R HANDLI NG UNI TS
2.2.1 Fact ory- Fabricated Air Handling Units

Air handling units shall be energy efficient, factory fabricated,

rawt hrough, central-station type. Unit shall be tested and rated in
accordance with ARl 430. Units shall include fans, coils, airtight

i nsul ated casing, adjustable V-belt drives, belt guards, access sections
where indicated, vibration-isolators, and appurtenances, required for
specified operation. Vibration isolators shall be conbination
rubber-in-shear/spring type for units designated for | ow and nmedi um
pressure duty. Each air handling unit shall have physical dinmensions
suitable to fit space allotted to the unit and shall have the capacity

i ndi cat ed.

2.2.1.1 Casi ngs
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Casing shall be constructed of not |ighter than 18-gauge steel protected
with the manufacturer's standard finish, except that units with an al

wel ded structural steel frame shall have individually renove\able flush
mount ed panels or full height access doors not |ighter than 20-gauge stee
or 20-gauge gal vani zed steel. Each casing section shall be acoustically
and thermally insulated at the factory with not |ess than 1-inch thick
1-1/2 pound density coated fibrous glass material having a "u" factor no
grater than 0.27. Foamtype insulation with foil backing may be used
provided that the insulation nmeets the thermal, erosion, and
fire-resistance requirenments, specified for fibrous glass material. Access
doors or renovabl e panels where required for servicing shall be provided in
the fan-coil section

2.2.1.2 Coils

Coils shall be water type and shall conformto requirenents of paragraph
HEATI NG CA LS.

2.2.1.3 Fans

Fans shall be double-inlet, centrifugal type with each fan in a separate
scroll. Fans shall be statically and dynam cally bal anced at the factory
after assenbly in the air handling unit. Fans shall be nobunted on stee
shafts accurately ground and finished. Fan bearings shall be seal ed

agai nst dust and dirt and shall be precision self-aligning ball or roller
type with bearing life rated at not |ess than 200,000 hours as defined by
AFBVA 9 and AFBMVA 11. Bearings shall be permanently | ubricated or

| ubricated type with lubrication fittings externally accessible at the
drive side of the unit. Bearing shall be supported by structural shapes, or
die fornmed sheet structural nenbers, or support plated securely attached to
the unit casing. Bearing may not be fastened directly to the unit sheet
metal casing. Fans and scrolls shall be furnished with coating indicated.
Fans shall be driven by a unit-nounted notor connected to fans by V-belt
drive conplete with belt guard for notors nounted externally. Belt guards
shall be the three-sided enclosed type with solid or expanded netal face.
Belt drives shall be designed for not |less than 1.4 service factor. Mbtor
sheaves shall be variable pitch for 154 hp and bel ow and fi xed pitch above
15 as defined by ARl 430 and ARl CGuideline D. Variable pitch sheaves shal
be elected to drive the fan at such speed as to produce the specified
capacity when set at the approximate m dpoi nt of the sheave adjustnent.
VWhen fixed pitch sheaves are furnished, a replaceabl e sheave shall be

provi ded when needed to achi eve systemair balance. Mtors for V-belt
drives shall be provided wi th adjustable bases. Fan notors shall have

dri pproof enclosures. Modtor starters shall be magnetic across-the-Iline
type with general - purpose enclosure. Unit fan or fans shall be selected to
produce the required capacity at the fan total pressure. Sound power
level, dB reference to 10 to the mnus twel fth-power watt, m d-frequency,
shall not exceed the value or values for the octave band or bands shown for
the unit fan or fans. Fan performance curve for the unit fan or fans shal
be submitted at the time the proposed testing programis submtted. Sound
power |evel data in all octave bands for the furnished fan or fans shall be
subm tted. The sound power |evel values shall be obtained in accordance
with AMCA 300 or ASHRAE 68.

2.2.1.4 Vibration Isolation
VWere fan and rel ated notor and power transm ssion conponents are | ocated

within or nounted on the external surfaces of the cabinet, the entire
cabi net shall be vibration isolated from supported and conti guous surfaces;
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or the fan and rel ated nmotor and power transm ssion conponents shall be
nount ed on a conmon vibration isolation base within the cabinet with
factory installed flexible fan connectors. Vibration isolation nmountings
shall be spring type selected to limt transmissibility of inbalanced
forces at | owest equi pnent rpmto 5 percent.

2.3 HEATI NG CA LS

Coils shall be fin-and-tube type constructed of seanl ess al um num

or copper tubes of mnimumthickness equal to 0.020-inch and al um num or
copper fins of mninmumthickness equal to 0.0075-inch, mechanically bonded
or soldered to tubes, unless specifically indicated otherwise. Plate type
fin-and-tube coils shall be 0.017-inch m ni mum tube thickness and

0. 0055-inch mnimum fin thickness. Casing and tube support sheets shall be
not lighter than 16-gauge gal vani zed steel, fornmed to provide structura
strength. Wen required, multiple tube support sheets shall be not lighter
t han 16- gauge gal vani zed steel, fornmed to provide structural strength.

VWhen required, multiple tube supports shall be provided to prevent tube
sag. Each coil shall be tested at the factory under water at no | ess than
250 psi air pressure and shall be suitable for 200 psi working pressure.
Coils shall be nounted for counterflow service. Coils shall conformto the
provi sions of ARl 410.

2.3.1 Water Coils

Water coils shall be circuited for a suitable water velocity w thout
excessi ve pressure drop and drai nabl e where required or indicated. \Were
requi red by the manufacturer, drainable coils shall be installed with a
pitch of not less than 1/8-inch per foot of the tube length towards the
drain end. Each coil shall be provided with a plugged vent and drain

t appi ngs.
2.4 ELECTRI C HYDRONI C WATER HEATER

As specified in section 15400-pl unbi ng, general purpose
2.5 FLOOR WARM NG PUMPS

A ycol floor warmng punp shall circulate 40% sol uti on by vol unme of

i nhi bited ethylene glycol at 50 degrees Fahrenheit (average) through the
floor grid piping. Punp shall be positive displacenment rotary gear type
with Teflon-fitted nmechani cal seals, conplete with base, built-in relief
val ve, starter and notor nounted on a conmon base.

2.6  EXPANSI ON TANK
Hori zontal expansion tank shall be furnished and installed conplete with
si ght gl ass connections and supports as shown. Expansion tank shall be 150
psi g ASME pressure rated m ni mum desi gn

2.7 M XI NG TANK

M xi ng tank shall be 55 gallon, open top, vertical high density
pol yet hyl ene mi xi ng tank with bottomoutlet and | oose cover.

2.8 FLOWI NDI CATORS
Provide a 1" NPT grid as shown, visual flow indicator/circuit balancer with

a stainless steel flow indicating mechanism integral nonferrous flow
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bal anci ng device and cast iron body installed in the return of each grid as
shown. The fl ow i ndictor/bal anci ng device shall be designed for 125 psig
wor ki ng pressure at a maxi numfluid tenperature of 250 degrees F, and is
designed for replacenent of the indicating nechani smwi thout breaking

pi pi ng connections. Flow indictor shall have a range of 2 to 10 GPMwith
1" screw connection

2.9 Pl PE | NSULATI ON

a. Al aboveground exposed piping , punps, and the expansion tank
shall be insulated in accordance with Section 15080 THERMAL
| NSULATI ON FOR MECHANI CAL SYSTEMS.

b. Al buried hydronic supply and return piping to and fromthe
underfl oor tubing grid shall be preinsul ated pi pe as specified
her ei n.

2.10 STRAI NER

Cl eanabl e, 125# cast iron, screwed, Y-type with stainless steel strainer
screen having a particle retention size of .030 or smaller shall be
furni shed and installed in the suction punp.

2.11 PLASTI C Pl PE GRI DS

a. Pl astic pipe grids shall be pol yethyl ene plastic pipe,
pol yet hyl ene tubi ng specifically designed for use in hydronic
underfl oor heating system Plastic pipe shall be 1" nom na
diameter with a mnimum pressure rating of 100 psi at 73 degrees
Fahrenheit. Pipe shall be factory tested under water pressure to
meet Factory Hydronic Test Specifications. Pipe shall be suitable
for direct burial in concrete slab

b. Plastic insert to MPT nylon adapters shall be secured with two
stai nl ess steel worm screw type cl anps.

2.12 Pl PE
2.12.1 Above-fl oor glycol piping

Above-fl oor glycol pipings hall be black, uncoated, standard weight,
schedul e 40 ASTM A53 steel pipe.

2.12.2 Prei nsul at ed Under gr ound

Al'l underground hydronic lines shall be factory preinsulated with PVC
carrier pipe. The pipe shall be insulated wi th pol yurethane foam and

encl osed in an outer jacket of PVC. Al sections shall be factory
prefabricated in 20 foot or 30 foot randomlength, with end seals provided
on both ends of each piece. Factory trained field technical assistance
shall be provided for the critical periods of installation; i.e, unloading,
field joint instructions, and testing.

2.12. 3 I nsul ati on

Carrier pipe insulation shall be one inch thick spray applied or poured in
pl ace pol yurethane foamwi th the followi ng m ni mum properties: tw (2)
pounds per cubic foot density, 90-95%closed cell content, initial thermal
conductivity K= .13. The foamshall conpletely fill the space between the
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carrier pipe and jacket.
2.12. 4 Protective Jacket

The protective jacket shall be seam ess Pol yvinyl Chloride (PVC, Type 1
Grade 1 conformng to ASTM D-1784

The m ni mum t hi ckness for PVC jacket shall be as follows: for
jacket dianeter up to 5 inches - thickness = .060 inches; for 6
i nch jacket dianeter - thickness = .070 inches; for jacket

di ameter greater than 6 inch - thickness = 1% of dianeter.

2.13 FI TTI NGS5

Al fittings 1-1/2" and | ess shall be 150# malleable iron screwed fittings.
Al fittings 2" and larger shall be butt wel ded ASTM A234.

2.14  VALVES

Al'l valves except fill, vent, and drain shall be 150# bronze ball val ves
with TFE seats and seals.

2.15 VENT, FILL AND DRAI' N VALVES

Val ves for venting air, filling and draining the systemshall be 125# gl obe
or angle type with all bronze and/or brass construction

2.16 THERMOVETERS

Thermoneters with separable wells shall be furnished and installed where
i ndi cated. Thernmoneters shall be 3" dial type thernmonmeters with range from
20 degrees Fahrenheit to 120 degrees Fahrenheit.

2.17 PRESSURE GAUGE

4-1/2 inch. 0 to 20 I b. Gauge with shut-off valve shall be furnished and
install ed where indicated.

2.18 PAI NT1 NG

Al'l pipe hangers, anchors, guides, and supports shall be painted in
accordance with Section 09900 PAI NTI NG

2.19 FLU D CHARGE

a. The system shall be fully charged by the Contractor with an
i nhi bited ethylene glycol solution

b. A ycol for the floor warm ng systemshall be a solution of 40%
i nhibited glycol and 60% water by volune. dycol shall have a
specific gravity of 1.068 at 50% degrees Fahrenheit. Solution
shal | be standard manufacturer's prem xed solution wth
antifoanm ng additive specifically designed hydronic heating
syst ens.

C. The system shall be charged until the expansion tank is one-half
full with air vented out of the systemand fluid at 55 degrees
Fahrenheit, and with the operating systempressure with dry
nitrogen to 20 psig punp suction pressure.
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d. Provide two 55 gallon druns of 40% et hyl ene glycol solution for
rechargi ng of the system

PART 3 EXECUTI ON
3.1 HYDRONI C FLOOR WARM NG PI PI NG | NSTALLATI ON
3.1.1 Cener al

a. Fl oor warming grids in the base slab of the freezer storage shal
be formed with plastic piping. Each grid shall be continuous wth
NO j oi nts underneath the floor. The ends of each grid shal
termnate just outside the freezer with a nylon, plastic inert to
MPT adapter. Al above-floor piping fromthe grids to the floor
war m ng punp and heat and heat exchanger shall be steel piping.

b. Each of the grids shall be a continuous length of pipe with
absolutely no joints buried in the concrete grout or underground.
Contractor may purchase special continuous lengths to suit the
grid layout; providing delivery of special lengths will not del ay
job installation. Gtherwi se, Contractor shall install each
i ndividual grid froma stock continuous | ength of pipe.

3.1.2 Install ation

o

Speci al care shall be taken so that pipe is not damaged in any
way during installation and pouring of concrete grout. Pipe shal
be filled with water and MAI NTAI NED UNDER 60 PSI G PRESSURE at tine
of pouring grout.

b. Pi pi ng shall be fornmed, |ocated and laid directly on the backfil
surface as shown. \Were changes of direction occur, pipe shall be
| oosely staked in position on the backfill using "U shaped #10
wi re anchors. Pipe does not have to be perfectly straight, 3" to
4" snaking will be acceptable. Anchors shall be positioned on
straight runs at a maxi num spaci ng of 20 feet to maintain grid
pattern shown.

C. Bot h ends of each loop shall termnate with a 1" male nylon
adapter outside the freezer.

d. Install a % thick unicellular insulation sleeve on each pipe
where it penetrates the foundation wall.

e. Provi de notches in the foundation wall for penetrations where
required.
3.1.3 Pipe Gid Testing
3.1.3.1 Gener a

a. Each plastic pipe grid shall be tested as descri bed bel ow before
bei ng enbedded in the concrete grout.

b. The Contractor shall use extrenme care in checking all grid
pi ping, so as to positively prove that no | eaks exist when
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C. the concrete grout is poured. Absolutely no evidence of |eakage
will be permtted.

d. It is suggested that the grids be tenporarily headered together
for the testing period.

e. Before testing, each circuit shall be blown out with dry air to
denonstrate that the grid is not obstructed.

f. Before the concrete grout is poured, each circuit that is to be
buried in concrete grout shall receive two separate tests for
ti ght ness.

g. The Contractor shall keep a careful check on the pressure during

the hydraulic test to maintain the test pressure. A neans shal
be provided to vent the systemif the pressure rises above test
pressure due to the expansion of the water if cold water is used
to fill the systemin warm weat her.

h. If the anbient tenperature is below freezing at the tinme of the
hydostatic test, a glycol antifreeze solution shall be used for
the test. The hydrostatic test shall be delayed if the outside
surface of the pipe or the surface that the pipe is resting onis
wet or if conditions restrict the detection of |eaks in any way.

i At the conclusion of the tests, all water shall be blown out with
dry air. Special care must be exercised to ensure that the pipe
grid is completely free of water and noisture to prevent freeze-up
during winter construction nonths. Also, any renmaining noisture
will dilute the glycol solution when it is charged into the system

3.1.3.2 Plastic Pipe Gids

a. Test #1 for the plastic pipe grids shall consist of air test at
90 psig. Pressure shall be applied and maintained for a m ni mum
of 30 mi nutes.

b. Test #2 for the plastic pipe grids shall consist of a hydrostatic
test at 60 psig. Each grid shall be conpletely
filled with water and all air vented out of the system
Hydrostatic pressure shall be maintained for a mninumof two
hours. During the test every foot of the grid systemshall be
i nspected for |eakage.

C. As a final double check, water pressure at 60 psig shall be
applied as the concrete grout is being poured and mai ntained for a
period of not |less than twelve hours after conpletion of the pour

d. If any | eakage is detected visually or any abnormal drops in test
pressure are detected at any tinme during tests #1 and #2 or during
the co9ncrete grout pour, or after the concrete grout has been
poured, the pipe grid will be renoved and replace and the entire
test procedure shall be repeated.

e. The pipe will not be accepted until tests #1 and #2 have been
strictly conplied with in the presence of the Contracting Oficer

3.1.4  Above-Fl oor dycol Piping
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3.1.4.1

3.1.4.2

3.1.4.3

3.1.4.4

Cener al

Above-fl oor piping includes supply and return pipe headers from
all pipe grids to the floor warm ng punps and all interconnecting
piping to the air handler, electric heater, and expansi on tank

No pi ping shall be run concealed in walls or partitions, not
underground or under the floor, except as shown.

Joints
Al screwed joints in steel pipe shall be tape w apped.

Al welded joints shall be made by certified welders with the
inside of the pipe relatively free of welding slag, scale and
dri ppi ngs.

Pi pe Hangers and Supports

Al'l pipe hangers, equipnent supports, anchors, guides, and
supports shall be provided and installed by the Contactor

Chain, perforated and flat steel strip hangers will not be
accept abl e.

Care shall be taken to insure that bracing and supports will not
restrai n expansi on and contraction nor set up excessive stresses
at joints and at equi pnent.

Al'l hangers supplied for insulated |lines shall be sized for the
out side dianmeter of the applied insulation. The Contractor shal
provi de tenporary wooden bl ocks, properly sized for insulation
t hi ckness, which will accurately center the pipe in the hanger and
enabl e the insulation to be applied w thout disturbing hanger
settings.

Al'l hangers, anchors, guides, and supports shall be protected
fromcorrosion by painting as specified.

Pi pe I nsul ation

Al'l above-floor piping shall be insulated in accordance with Section 15080
THERMAL | NSULATI ON FOR MECHANI CAL SYSTEMS

3.1.4.5

Tests

The above-fl oor piping systemshall be pressure tested at a pressure at
| east 50% above normal working pressure. Leaks shall be repaired by
renovi ng and renaking the defective joint. No caulking will be permtted.

After

3.1.5

3.1.5.1

Testi ng,

repair of |eaks, systemshall be retested and proved tight.

Under ground d ycol Piping

Casing and End Seal Testing and Certification

verified by an independent testing | aboratory, shall denonstrate

that casings and end seal s are capable of resisting penetration of water
into the casing and insulation at 20 feet of head pressure, neasured above
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t he highest point of the test sanple, subjected over entire surface of the
8 feet long test sanple on FRP pipe for not | ess than 48 hours after the
sanmpl e has been subjected to hot and cold cycle testing. The hot and cold
cycle testing shall consist of 14 days of cycling with 24 periods with
fluid at anbient tenperature follow ng through the carrier pipe alternately
with 24 hour period with 300 degrees Fahrenheit fluid flow ng through the
carrier pipe while the sanple is buried in a mnimmof 12 inches of sand
all around the sanple.

3.1.5.2 Backfi |

A 4 inch layer of sand or fine gravel shall be placed and tanped in the
trench to provide a uniformbedding for the pipe. The entire trench wi dth
shall be evenly backfilled with a simlar material as the bedding in 6 inch
conpacted layers to a m nimum height of 6 to 12 i nches above the top of the
i nsul ated pi ping system The remaining trench shall be evenly continuously
backfilled in uniformlayers with suitable excavated soil

3.2 CUTTI NG AND PATCHI NG

The General Contractor will notch the walls for the floor warm ng pipes.
The Contractor shall give location dinensions to the General Contractor
If location is not given prior to erection of the wall, all required
cutting and patching in the masonry wall be at the expense of the Floor
War m ng Contractor.

3.3 SYSTEM BALANCI NG

a. The flow to each circuit shall be adjusted by the pipe grid
bal anci ng val ve. The relative amount to each circuit can be
approxi mated by noting the indicated height of the flow
i ndi cators. The anmount of flow through each circuit shall be
adjusted so that it gives and equal tenperature range across al
circuits.

b. The gl ycol heat exchanger refrigerant pressure regul ating valve
shall be adjusted to maintain the tenperature of the glyco
solution to the grids at 50 degrees Fahrenheit.

3.4 CONTROLS

Al controls for the hydroni c underfl oor heating systemshall be as
specified in Section 15652, "Cold Storage Refrigeration Systens”.

3.5 START UP

Contractor shall start up the system adjust for equal flowto all grids,
vent all air and clean all strainers.

3.6 FULL STRENGTH GYLCOL VERI FI CATI ON

After the systemhas been filled with a proper charge of fluid, all grids
bal anced for proper flow, and the system has been in proper working
operation for at |east 24 hours, a sanple of the glycol solution shall be
taken fromthe systemand tested for strength. The strength of the fluid
shal |l have a freezing point of no higher than -15 degrees Fahrenheit.

SECTI ON 13040 Page 13
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3.7 SYSTEM COW SSI ONI NG

System conmi ssi oni ng shall be in accordance with Section 15995
Conmi ssi oni ng of Mechani cal Systens

-- BEnd of Section --
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SECTI ON 15070

SElI SM C PROTECTI ON FOR MECHANI CAL EQUI PMENT

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
designation only.

ENG NEERI NG TECHNI CAL | NSTRUCTI ONS (TI) AND ENERGY SAVI NGS
ANALYSI S ( ESA)

Tl 809-04 (1998) Seismc Design for Buildings
SHEET METAL & Al R CONDI TI ONI NG CONTRACTORS' NATI ONAL ASSQOC!I ATI ON
( SMACNA)
SMACNA Sei smic Restraint nl (1998) Seismc Restraint Manual Guidelines

for Mechani cal Systens

.2 SYSTEM DESCRI PTI ON

2.1 Ceneral Requirenents

The requirenents for seismc protection neasures described in this section
shall be applied to the nechanical equipnent and systens |isted bel ow.
Structural requirements shall be in accordance with Section 13080 SEI SM C
PROTECTI ON FOR M SCELLANEQUS EQUI PMENT.

. 2.2 Mechani cal Equi prent

Mechani cal equi pment to be seismically protected shall include the
following items to the extent required on the drawings or in other sections
of these specifications:

Water Heaters

Ref ri gerant Pi pi ng

Punps with Mtors

Wat er, Piping

Val ves and Fittings for Piping
Ref ri gerant Conpressors

Air Handling Units

Duct s

Unit Coolers

Exhaust Fans

. 2.3 Mechani cal Systens

The foll owi ng nechani cal systens shall be installed as required on the
drawi ngs and ot her sections of these specifications and shall be
seismcally protected in accordance with this specification Al piping
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1

i nside the building except as specifically stated bel ow under itens not
covered by this section

Sanitary Sewer Systens
Col d Storage Refrigeration Systens

2.4 Contract or Desi gned Braci ng

The Contractor shall design the bracing in accordance with TI 809-04 and
addi ti onal data furnished by the Contracting Oficer. Resistance to

| ateral forces induced by earthquakes shall be acconplished w thout

consi deration of friction resulting fromgravity |oads. TI 809-04 uses
paranmeters for the building, not for the equipnent in the building;
therefore, corresponding adjustnents to the formulas shall be required.
Loadi ngs determ ned using Tl 809-04 are based on strength design
therefore, the AISC LRFD Specifications shall be used for the design. The
bracing for the foll owi ng nechani cal equi prent and systens shall be

devel oped by the Contractor

Water Heaters

Ref ri gerant Pi pi ng
Punps and Mdtors

Wat er Pi pi ng

Val ves

Ref ri gerant Capressors
Air Handling Units
Exhaust Fans

Duct wor k

Unit Coolers

Col d Storage Refrigeration Systens

.2.5 Itenms Not Covered By This Section

.2.5.1 Fire Protection Systens

Seismi c protection of piping for fire protection systens shall be installed
as specified in Sections 13930 WET Pl PE SPRI NKLER SYSTEM FI RE PROTECTI ON.

.2.5.2 Itenms Requiring No Seismc Restraints

Seismic restraints are not required for the following itens:

a. Piping in boiler and nechani cal equi prent roons | ess than 32 mm
i nsi de dianeter.

b. Al other piping |l ess than 64 mm inside dianeter.

c. Rectangular air handling ducts |less than 0.56 square neters in
cross sectional area.

d. Round air handling ducts less than 711 nm in dianeter.

e. Piping suspended by individual hangers 300 mm or less in length
fromthe top of pipe to the bottom of the supporting structura
menber where the hanger is attached, except as noted bel ow

f. Ducts suspended by hangers 300 nm or less in length fromthe top
of the duct to the bottom of the supporting structural nenber,
except as noted bel ow.
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In exenptions e. and f. all hangers shall neet the length requirenents. |If
the Iength requirenment is exceeded by one hanger in the run, the entire run
shal |l be braced. Interior piping and ducts not |isted above shall be

seismcally protected in accordance with the provisions of this
speci fication.

1.3 EQU PMENT REQUI REMENTS
1.3.1 Ri gi dl y Mounted Equi prent

The follow ng specific itenms of equipnent: Equipnment to be furnished under
this contract shall be constructed and assenbled to withstand the seismc
forces specified in Tl 809-04, Chapter 10. Each itemof rigid equiprment
shall be entirely located and rigidly attached on one side only of a
bui | di ng expansion joint. Piping, duct, electrical conduit, etc., which
cross the expansion joint shall be provided with flexible joints that are
capabl e of accommodati ng di spl acenents equal to the full width of the joint
in both orthogonal directions.

Air-Handling Units
Conpr essor Racks
Air Conditioning Units

1.4 SUBM TTALS

CGovernment approval is required for submttals with a "G designation;
submttals not having a "G' designation are for information only. Wen
used, a designation following the "G' designation identifies the office
that will reviewthe submttal for the Governnent. The follow ng shall be
subm tted in accordance with Section 01330 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
Contractor Designed Bracing, G ED.

Detail drawi ngs along with catalog cuts, tenplates, and erection
and installation details, as appropriate, for the itens |isted.
Submittals shall be conplete in detail; shall indicate thickness,
type, grade, class of netal, and di nensions; and shall show
construction details, reinforcenment, anchorage, and installation
with relation to the building construction.

SD- 03 Product Data

Coupl i ng and Braci ng.
Equi prent Requi renent s.

Copi es of the design calculations with the detail draw ngs.
Cal cul ations shall be stanped by a registered engi neer and shal
verify the capability of structural nmenbers to which bracing is
attached for carrying the load fromthe brace.

Contractor Designed Bracing; G RE

Copi es of the design calculations with the draw ngs.
Cal cul ations shall be approved, certified, stanped and signed by a
regi stered Professional Engineer. Calculations shall verify the
capability of structural nenbers to which bracing is attached for
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carrying the load fromthe brace.
SD-07 Certificates
Fl exi bl e Ball Joints.

Fl exi ble ball joints shall be certified to be suitable for the
service intended by the manufacturer. |Information verifying
experience at not |less than 3 |locations of 2 years' satisfactory
operation in a simlar application shall be submtted.

PART 2 PRODUCTS
2.1 FLEXI BLE COUPLI NGS

Fl exi bl e couplings shall have same pressure and tenperature ratings as
adj oi ni ng pi pe.

2.2 FLEXI BLE BALL JO NTS

Fl exi bl e ball joints shall have cast or wought steel casing and ball parts
capabl e of 360-degree rotation with not |ess than 15-degree angul ar
novemnent .

2.3 FLEXI BLE MECHANI CAL JO NTS

a. Mechanical couplings for steel or cast iron pipe shall be of the
sl eeve type and shall provide a tight flexible joint under al
reasonabl e conditions, such as pi pe novenment caused by expansion
contraction, slight settling or shifting of the ground, m nor
variations in trench gradients, and traffic vibrations. \Were
permtted in other sections of these specifications, joints
utilizing split-half couplings with grooved or shoul dered pipe
ends may be used.

b. Sleeve-type couplings shall be used for joining plain-end pipe
sections. The coupling shall consist of one steel mddle ring,
two steel followers, two gaskets, and necessary steel bolts and
nuts to conpress the gaskets.

2.4 MANUFACTURED BALL JO NTS

Manuf actured ball joints shall be as recomended by the manufacturer for
the i ntended use, and shall be approved by the Contracting Oficer before
installation.

2.5 SWAY BRACI NG MATERI ALS

Sway bracing materials (e.g. rods, plates, rope, angles, etc.) shall be as
specified in Section 13080 SEI SM C PROTECTI ON FOR M SCELLANEQUS EQUI PMENT.

PART 3 EXECUTI ON
3.1 COUPLI NG AND BRACI NG

Coupling installation shall conformto the details shown on the draw ngs.
Provi sions of this paragraph apply to all piping within a 1.5 m I|ine
around outside of building unless buried in the ground. Piping grouped for
support on trapeze-type hangers shall be braced at the same intervals as
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determ ned by the small est dianeter pipe of the group. Bracing rigidly
attached to pipe flanges, or simlar, shall not be used where it would
interfere with thermal expansion of piping.

3.2 BUI LDI NG DRI FT

Joi nts capabl e of acconmodati ng seismc di splacenents shall be provided
wher e pi pes pass through a building seismc or expansion joint, or where
rigidly supported pipes connect to equi pment with vibration isolators.

Hori zontal piping across expansion joints shall acconmodate the resultant
of the drifts of each building unit in each orthogonal direction. For

t hreaded pi ping, swing joints made of the same piping material shall be
provided. For piping with manufactured ball joints the seismc drift shal
be 0.015 neters per neter of height above the base where the seismc
separation occurs; this drift value shall be used in place of the expansion
given in the manufacturer's selection table.

3.3  FLEXI BLE COUPLI NGS OR JA NTS
3.3.1 Bui | di ng Pi pi ng

Fl exi bl e couplings or joints in building piping shall be provided at bottom
of all pipe risers for pipe larger than 90 nm in dianeter. Flexible
couplings or joints shall be braced laterally without interfering with the
action of the flexible coupling or joint. Cast iron waste and vent piping
need only conply with these provisions when caul ked joints are used.

Fl exi bl e bell and spigot pipe joints using rubber gaskets may be used at
each branch adjacent to tees and el bows for underground waste piping inside
of building to satisfy these requirenents.

3.3.2 Under ground Pi pi ng

Under ground pi ping and 100 mm or |arger conduit, except heat distribution
system shall have flexible couplings installed where the piping enters the
buil ding. The couplings shall accomobdate 76 nm of relative novenent
between the pipe and the building in any direction. Additional flexible
couplings shall be provided where shown on the draw ngs.

3.4 Pl PE SLEEVES

Pi pe sleeves in interior non-fire rated walls shall be sized as indicated
on the drawings to provide clearances that will permt differential
nmovenent of piping without the piping striking the pipe sleeve. Pipe
sleeves in fire rated walls shall conformto the requirenents in Section
07840 FI RESTOPPI NG

3.5 SPREADERS

Spreaders shall be provi ded between adjacent piping runs to prevent contact
during seismc activity whenever pipe or insulated pipe surfaces are | ess
than 100mm apart. Spreaders shall be applied at sanme interval as sway
braces at an equal distance between the sway braces. |[If rack type hangers
are used where the pipes are restrained fromcontact by nounting to the
rack, spreaders are not required for pipes nmounted in the rack. Spreaders
shall be applied to surface of bare pipe and over insulation on insulated
pi pes utilizing high-density inserts and pipe protection shields in
accordance with the requirenments of Section 15080THERVAL | NSULATI ON FOR
MECHANI CAL SYSTEMS
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3.6 SWAY BRACES FCR PI PI NG

Sway braces shall be provided to prevent novenent of the pipes under
seism c | oading. Braces shall be provided in both the |ongitudinal and
transverse directions, relative to the axis of the pipe. The bracing shal
not interfere with thernmal expansion requirenents for the pipes as
described in other sections of these specifications.

3.6.1 Transverse Sway Bracing

Transverse sway bracing for PVC and copper pipe shall be provided as
specified in Section 13080 SElI SM C PROTECTI ON FOR M SCELLANEQUS EQUI PMENT.
Al runs (length of pipe between end joints) shall have a m ni num of two
transverse braces. Transverse sway bracing for pipes of materials other
than steel and copper shall be provided at intervals not to exceed the
hanger spacing as specified in Section 15400 PLUVBI NG GENERAL PURPCSE

3.6.2 Longi t udi nal Sway Bracing

Longi t udi nal sway bracing shall be provided at 12 m intervals unless
otherwi se indicated. Al runs (length of pipe between end joints) shal
have one | ongitudi nal brace m nimum Sway braces shall be constructed in
accordance with the drawings. Branch lines, walls, or floors shall not be
used as sway braces.

3.6.3 Vertical Runs

Run is defined as | ength of pipe between end joints. Vertical runs of

pi pi ng shall be braced at not nmore than 3 m vertical intervals. Braces
for vertical runs shall be above the center of gravity of the segment being
braced. Al sway braces shall be constructed in accordance with the

drawi ngs. Sway branches shall not be connected to branch lines, walls, or
floors.

3.6.4 C anps and Hangers
C anps or hangers on uni nsul ated pi pes shall be applied directly to pipe.
I nsul at ed pi ping shall have clanps or hangers applied over insulation in
accordance with Section 15080 THERVAL | NSULATI ON FOR MECHANI CAL SYSTEMS

3.7 SWAY BRACES FOR DUCTS

3.7.1 Braced Ducts
Braci ng details and spacing for rectangul ar and round ducts shall be in
accordance with SMACNA Seismic Restraint Wnl, including Appendix E
However, the design seismc |oadings for these itenms shall not be |less than
| oadi ngs obt ai ned using the procedures in TI 809-04.

3.7.2 Unbraced Ducts
Hangers for unbraced ducts shall be attached to the duct within 50 nm of
the top of the duct in accordance with SMACNA Sei smic Restraint nl.
Unbraced ducts shall be installed with a 150 mm mi ni num cl earance to
vertical ceiling hanger wres.

-- BEnd of Section --
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SECTI ON 15652

COLD STORAGE REFRI GERATI ON SYSTEMS

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
designation only.

Al R- CONDI TI ONI NG AND REFRI GERATI ON | NSTI TUTE ( ARI)

ARl 420 (1995) Unit Coolers for Refrigeration

ARl 460 (1994) Renote Mechanical -Draft Air- Cool ed
Ref ri gerant Condensers

ARl 495 (1993) Refrigerant Liquid Receivers

ARl 520 (1997) Positive Displacenment Condensing
Units

ARl 710 (1995) Liquid-Line Driers

ARl 720 (1997) Refrigerant Access Val ves and Hose
Connectors

ARl 750 (1994) Thernostatic Refrigerant Expansion
Val ves

ARl 760 (1994) Sol enoid Valves for Use Wth

Vol atil e Refrigerants
AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI )

ANSI Al13.1 (1996) Scheme for the lIdentification of
Pi pi ng Systens

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM A 53 (1998) Pipe, Steel, Black and Hot-D pped,
Zi nc- Coat ed, W&l ded and Seani ess

ASTM A 307 (1997) Carbon Steel Bolts and Studs, 60
000 PSI Tensile Strength

ASTM A 653/ A 653M (1997) Steel Sheet, Zinc-Coated
(Gl vani zed) or Zinc-lron All oy-Coated
(Gal vanneal ed) by the Hot-Di p Process

ASTM B 117 (1997) Operating Salt Spray (Fog) Apparatus
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ASTM B 209 (1996) Al umi num and Al um num Al | oy Sheet
and Pl ate

ASTM B 221 (1996) Al umi num and Al um num Al | oy
Extruded Bars, Rods, Wre, Profiles, and
Tubes

ASTM B 280 (1997) Seaml ess Copper Tube for Air
Condi tioning and Refrigeration Field
Servi ce

ASTM C 534 (1994) Preformed Fl exible Elastoneric

Cellular Thermal Insulation in Sheet &
Tubul ar Form

ASTM D 520 (1984; R 1995) Zinc Dust Pignent
ASTM D 3308 (1997) PTFE Resin Skived Tape
ASTM F 104 (1993) Nonnetallic Gasket Materials

AVERI CAN SOCI ETY OF HEATI NG, REFRI GERATI NG AND Al R- CONDI TI ONI NG
ENG NEERS ( ASHRAE)

ASHRAE 15 (1994) Safety Code for Mechani cal
Refri geration

ASHRAE 23 (1993) Methods of Testing for Rating
Positive Displacenment Refrigerant
Conpressors and Condensing Units

AVERI CAN SOCI ETY OF MECHANI CAL ENG NEERS ( ASME)

ASME B31.1 (1998) Power Piping

ASME B31.5 (1992; B31.5a) Refrigeration Piping

ASME B40.1 (1991) Gauges - Pressure Indicating D al
Type - El astic El enment

ASME BPV VIII Div 1 (1998) Boiler and Pressure Vessel Code;
Section VIIl, Pressure Vessels Division 1

- Basic Coverage

ASME BPV | X (1998) Boiler and Pressure Vessel Code;
Section I X, Wl ding and Brazing
Qualifications

AVERI CAN VEELDI NG SOCI ETY ( AWS)

AWS Brazi ng Hdbk (1991) Brazi ng Handbook
AWS A5. 8 (1992) Filler Metals for Brazing and Braze
Wl di ng

| NTERNATI ONAL | NSTI TUTE OF AMMONI A REFRI GERATI ON (I | AR)

I1AR 2 (1992) Equi pnent, Design, and Installation
of Ammoni a Mechani cal Refrigerating Systens
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MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS
| NDUSTRY ( MBS)

MBS SP-58 (1993) Pi pe Hangers and Supports -
Mat eri al s, Design and Manufacture

MBS SP- 69 (1996) Pi pe Hangers and Supports -
Sel ection and Application

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)

NEMA I CS 6 (1993) Industrial Control and Systens,
Encl osur es

NEVA MG 1 (1993; Rev 1; Rev 2; Rev 3; Rev 4) Mtors
and Generators

NEVA M5 2 (1989) Safety Standard for Construction
and GQuide for Selection, Installation, and
Use of Electric Mbtors and CGenerators

UNDERWRI TERS LABORATORI ES (UL)

uL 207 (1993; Rev through Cct 1997)
Ref ri ger ant - Cont ai ni ng Conponent s and
Accessories, Nonelectrical

1.2 SUBM TTALS

CGovernment approval is required for submittals with a "G designation;
submttals not having a "G' designation are for information only. Wen
used, a designation following the "G' designation identifies the office
that will review the submttal for the Governnent. The follow ng shall be
subm tted in accordance with Section 01330 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

Refrigeration System G ED.
Dr awi ngs.

Drawi ngs shall provide adequate detail to denonstrate conpliance
with contract requirenents. Draw ngs shall consist of:

(1) Equipnrent |ayouts which identify assenbly and installation
details.

(2) Piping layouts which identify valves, fittings, pipe sizes,
and pi pe slopes. Changes to the design in any way shall be
clearly identified and expl ai ned.

(3) Plans and el evations which identify clearances required for
mai nt enance and operati on.

(4) Wring diagrans which identify each conponent individually
and interconnected or interlocked rel ati onshi ps between conponents.

(5) Foundation draw ngs, bolt-setting information, and
foundation bolts prior to concrete foundation construction for
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equi prent i ndi cated or required to have concrete foundations.

(6) Details of supports, if other than those indicated,
i ncludi ng | oadi ngs and type of frames, brackets, stanchions, or
ot her supports.

(7) Automatic tenperature control diagrans and control
sequences.

(8) Installation details which include the anmount of factory
set superheat and correspondi ng refrigerant pressure/tenperature.

SD- 03 Product Data
Refri geration System

Manuf acturer's standard catal og data, prior to the purchase or
installation of a particular conponent, shall be highlighted to
show brand name, nodel nunber, size, options, performance charts
and curves, etc. in sufficient detail to denonstrate conpliance
with contract requirenents. Data shall be provided for each
speci fied component. Data shall include manufacturer's
recommended installation instructions and procedures. |If
vibration isolation is specified for a unit, vibration isolator
literature shall be included containing catalog cuts and
certification that the isolation characteristics of the isolators
provi ded neet the manufacturer's recomendati ons.

Franed | nstructions.

Framed instructions for posting, at |east 2 weeks prior to
construction conpl etion.

Qualifications

Aletter listing the qualifying procedures for each welder. The
letter shall include supporting data such as test procedures used,
what was tested to, etc. and a list of the nanmes of qualified
wel ders and their identification synbols.
Verification of Dinmensions

Aletter, at |least 2 weeks prior to beginning construction,
including the date the site was visited, conformation of existing
conditions, and any di screpancies found.
Tests

Aletter, at |least 10 working days in advance of each test,

advising the Contracting O ficer of the test. Individual letters
shall be submitted for the refrigerant system the system
performance, and the acceptance tests. Each letter shall identify

the date, tinme, and | ocation for each test.
Denpnstrations, G ED
Aletter, at |least 14 working days prior to the date of the

proposed training course, which identifies the date, tinme, and
| ocation for the training.

SECTI ON 15652 Page 8
( Am 0002)



COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

1

1

Spare Parts Data
2.1 Spare Parts Data

Spare parts data for each different item of equi pment specified, after
approval of detail drawi ngs and not later than 2 nonths prior to the date
of beneficial occupancy. The data shall include a conplete list of parts
and supplies, with current unit prices and source of supply, a recomended
spare parts list for 1 year of operation, and a list of the parts
recomended by the manufacturer to be replaced on a routine basis.

Test Reports
Tests, G ED

Si x copies of each test containing the information described
bel ow i n bound 216 by 279 nm (8-1/2 by 11 inch) bookl ets.
I ndi vi dual reports shall be submitted for the refrigerant system
t he system performance, and the acceptance tests.

(1) The dates the tests were started and conpl et ed.
(2) A list of equipnent used, with calibration certifications.
(3) Initial test sunmmaries.
(4) Repairs/adjustnments perforned.
(5) Final test results and coments.
SD-07 Certificates
Refri geration System

VWere the system conponents, or equipnment are specified to
comply with requirenments of AR, ASHRAE, ASME, or UL, proof of
such compliance shall be provided. The |label or listing of the
specified agency will be acceptable evidence. In lieu of the
| abel or listing, a witten certificate from an approved,
national ly recogni zed testing organi zati on equi pped to perform
such services, stating that the itens have been tested and conform
to the requirenents and testing nethods of the specified agency
may be submitted. Wien performance requirenments of this project's
drawi ngs and specifications vary fromstandard AR rating
conditions, conputer printouts, catal og, or other application data
certified by ARl or a nationally recogni zed | aboratory as
descri bed above shall be included. |If ARl does not have a current
certification programthat enconpasses such application data, the
manuf acturer may self certify that his application data conplies
wi th project performance requirenments in accordance with the
speci fied test standards.

Service Organi zati ons.
2.2 Service Organi zati ons

A certified list of qualified permanent service organi zations for support
of the equi pnent which includes their addresses and qualifications. The
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service organi zati ons shall be reasonably convenient to the equi prent
installation and be able to render satisfactory service to the equi pment on
a regul ar and energency basis during the warranty period of the contract.

.3 DELI VERY, STORAGE, AND HANDLI NG

Stored itenms shall be protected fromthe weather and contam nation. Proper
protection and care of material before, during, and after installation
shall be the Contractor's responsibility. Any materials found to be
damaged shall be replaced at the Contractor's expense. During
installation, piping and simlar openings shall be capped to keep out dirt
and other foreign matter.

.4 PRQIECT/ SI TE CONDI TI ONS

.4.1 Verification of D nensions

The Contractor shall become familiar with all details of the work, verify
dimensions in the field, and advise the Contracting Oficer of any
di screpancy before perform ng any work.

.4.2 Dr awi ngs

The Contractor shall investigate the plunbing, fire protection, electrical
structural and finish conditions that woul d affect the work to be perforned
and arrange such work accordingly, furnishing required offsets, fittings,
and accessories to nmeet such conditions. Equipnent, ductwork, and piping
arrangenents shall fit into space allotted and al |l ow adequate acceptabl e

cl earances for installation, replacenent, entry, servicing, and nai ntenance.

.5 OPERATI ON AND MAI NTENANCE MANUALS

.5.1 Oper ati on Manual

Si x conpl ete copies of an operation manual in bound 216 x 279 mm (8-1/2 x
11 inch) booklets listing step-by-step procedures required for system
startup, operation, and shutdown shall be provided. The booklets shal

i ncl ude the manufacturer's name, nodel nunber, parts list, and a brief
description of all equipnment and their basic operating features.

.5.2 Mai nt enance Manual

Si x conpl ete copi es of maintenance manual in bound 216 x 279 nm (8-1/2 x 11
inch) booklets listing routine maintenance procedures, possible breakdowns
and repairs, and a trouble shooting guide shall be provided. The manual s
shal I include piping and equi pnent | ayouts and sinplified wiring and
control diagrans of the systemas installed.

PART 2 PRODUCTS

2.

1 STANDARD COMMERCI AL PRODUCTS

Mat eri al s and equi prent shall be standard products of a manufacturer

regul arly engaged in the manufacturing of such products, which are of a
simlar material, design and workmanshi p. The standard products shall have
been in satisfactory conmercial or industrial use for 2 years prior to bid
opening. The 2 year use shall include applications of equipnment and
materials under simlar circunstances and of simlar size. The 2 years
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experi ence shall be satisfactorily conpleted by a product which has been
sold or is offered for sale on the comercial market through
advertisenents, manufacturer's catal ogs, or brochures. Products having
less than a 2 year field service record will be acceptable if a certified
record of satisfactory field operation, for not |ess than 6000 hours

excl usive of the manufacturer's factory tests, can be shown. Products
shal | be supported by a service organization. System conponents shall be
environnental ly suitable for the indicated | ocations.

2.2 NAVEPLATES

Maj or equi prrent i ncludi ng conpressors, condensers, unit cool ers, receivers,
heat exchanges, fans, and notors shall have the manufacturer’'s nane,
address, type or style, nodel or serial nunber, and catal og nunber on a

pl ate secured to the item of equipnment. Plates shall be durable and

| egi bl e throughout equiprment |ife and nmade of stainless steel. Plates
shall be fixed in prom nent |ocations with nonferrous screws or bolts.

2.3 ELECTRI CAL WORK

El ectrical equipment, notors, notor efficiencies, and wiring shall be in
accordance with Section 16415 ELECTRI CAL WORK, | NTERICR  Electrical notor
driven equi pnent specified shall be provided conplete with notors, notor
starters, and controls. Electrical characteristics and enclosure type
shal | be as shown, and unl ess otherw se indicated, motors of 1 horsepower
and above with open, dripproof, or totally enclosed fan cool ed encl osures,
shall be high efficiency type. Field wiring shall be in accordance with
manuf acturer's instructions. Each notor shall conformto NEVA M5 1 and
NEMA M5 2 and shall be of sufficient size to drive the equi pnent at the
specified capacity w thout exceeding the naneplate rating of the notor.

Mot ors shall be continuous duty with the enclosure specified. Motor
starters shall be provided conplete with thernmal overload protection and
ot her appurtenances necessary for the notor control indicated. Mitors
shall be furnished with a magnetic across-the-line or reduced voltage type
starter as required by the manufacturer. Mtor duty requirenments shal
al l ow for maxi mum frequency start-stop operation and m ni nrum encount er ed

i nterval between start and stop. Modttors shall be sized for the applicable
| oads. Modtor torque shall be capable of accelerating the connected | oad
within 20 seconds with 80 percent of the rated voltage nmaintai ned at notor
termnals during one starting period. Mdtor bearings shall be fitted with
grease supply fittings and grease relief to outside of enclosure. Mnua
or automatic control and protective or signal devices required for the
operation specified and any control wiring required for controls and

devi ces specified, but not shown, shall be provided. Unit control panels
and el ectrical conponents shall be nounted in a NEMA ICS 6, Type 1 or 3A
encl osure.

2.4 M SCELLANEQUS NATERI ALS
2.4.1 Refrigerant and Q|

Refrigerant shall be R 404A. Refrigerant systens shall be charged in
accordance with manufacturer's reconmendations, including types and
quantities of refrigerant and lubricating oil. Except for factory seal ed
units, two conplete charges of lubricating oil for each conpressor
crankcase shall be furnished. One charge shall be used during the system
performance testing period. Follow ng the satisfactory conpletion of the
performance testing, the oil shall be drained and replaced with a second
char ge.
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2.4.2 Gasket s
Gaskets shall conformto ASTM F 104 classification for conpressed sheet
with nitrile binder and acrylic fibers for maxi num 370 degrees C (700
degrees F) service

2.4.3 Bolts and Nuts
Bolts and nuts, except as required for piping applications, shall conform

to ASTM A 307. The bolt head shall be marked to identify the manufacturer
and the standard with which the bolt conplies, in accordance with ASTM A 307.

2.4. 4 Pi pe Hangers, Inserts, and Supports
Pi pe hangers, inserts, and supports shall conformto MSS SP-58 and MSS SP-69.
2.4.5 Escut cheons

Escut cheons shall be chrom umplated iron or chrom umpl ated brass, either
one piece or split pattern, held in place by internal spring tension or set
SCrews.

2.4.6 Pressure and Vacuum Gauge

Gauge shall conformto ASME B40.1, Cdass 1, 2, or 3, Style X, Type I or 111
as required, 115 nm (4-1/2 inches) in dianmeter with phenolic or netal
case. Each gauge range shall be selected so that at nornal operating
pressure, the needle is within the mddle third of the range.

2.4.7 Tenper at ure Gauges
Industrial duty thernmonmeters shall be provided for the required tenperature
range. Thernoneters shall have a Fahrenheit scale on a white face. The
poi nter shall be adjustable.

2.4.7.1 Stem Cased- d ass
Stem cased- gl ass case shall be polished stainless steel or cast al um num
229 mm (9 inches) long, with clear acrylic lens, and non-nercury filled
gl ass tube.

2.4.7.2 Binmetallic Dial
Binetallic dial type case shall be not less than 89 nm (3-1/2 inches),
stainless steel, and shall be hernmetically sealed with clear acrylic |ens.
Binetallic elenment shall be silicone danpened and unit fitted with externa
calibrator adjustnent. Accuracy shall be one percent of dial range.

2.4.7.3 Liquid-, Solid-, and Vapor-Filled D al
Liquid-, solid-, and vapor-filled dial type cases shall be not |ess than 89
mm (3-1/2 inches), stainless steel or cast alumnumwth clear acrylic

lens. Fill shall be nonmercury, suitable for encountered cross-anbients,
and connecting capillary tubing shall be doubl e-braided bronze.

2.4.7.4 Thermal Wel |
Thermal well shall be identical size, 15 or 20 mm (1/2 or 3/4 inch) NPT
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connection, brass or stainless steel. Were test wells are indicated,
provi de captive plug-fitted type 15 nm (1/2 inch) NPT connection suitable
for use with either engraved stem or standard separabl e socket thernoneter
or thernostat. Extended neck thermal wells shall be of sufficient |ength
to clear insulation thickness by 25 mm
2.4.8 Uni cel lular Plastic Foam
Uni cel lular plastic foamshall be in accordance with ASTM C 534, Type |
2.4.9 Bird Screen

Screen shall be square nmesh, plain weave, 0.79 mm (0.031 inch) dianeter
stainless steel wre.

2.4.10 A um num Sheets and Pl ates
ASTM B 209, Alloy 3003, H14. Sheets shall be |lockformng quality.

2.4.11 Al um num Shapes
ASTM B 221, Alloy 6061, T-5 and T-6.

2.5 COWRESSOR RACK
Conpressor unit shall be factory fabricated, assenbl ed, tested, packaged,
parrallel nultiple conpressor refrigeration systemw th mcroprocesor based
controls and ready for full capacity operation after term nal point
connection and field charging with operating fluids. Unit shall conformto

ARl 520, ASHRAE 23, and ASHRAE 15.

Al'l conpressors and associ ated accessories shall be factory nounted on a

structural steel rack, and shall include receiver, suction and |liquid
headers, filter, dryers, pressure switches, liquid |line solenoid val ves,
heat recovery, liquid subcooling and all accessories required for a

conpl ete and operating system
2.5.1 Conpr essor

Conpressors shall be selected for maxi num energy efficiency and operating
reliability. Rotating parts shall be statically and dynanically bal anced
at the factory to elimnate vibration at both partial and full |oad
conditions. Conpressors shall be capable of continuous operation at | owest
partial |oad. Conpressor over 7.5 kW (10 hp) shall start fromrest

unl oaded. Conpressor unl oaders shall not be used when saturated suction
tenperatures are below mnus 4 degrees C (25 degrees F).

2.5.1.1 Construction

Conmpressors 1.5 kW (2 hp) and |less shall be the accessible, sealed

reci procating type of either the open or sem -hernetic design. Conpressors
above 1.5 kW (2 hp) shall be the accessible hernetic, sealed reciprocating
type. Conpressors shall have integrally cast housings of close-grained
iron with an oil-level bull's eye, cast cylinder heads, cast al um num or
forged steel connecting rods, and cast iron or forged steel crankshafts.
Mai n bearings shall be the sleeve-insert type.

2.5.1.2 Lubricati on System
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2.

The lubrication systemon conpressors 2.2 kW (3 hp) or larger shall be the
forced-feed, positive-displacenent type with oil strainer. The oil punp
shal |l be reversible. Lube oil pressure gauge and failure switch shall be
provided for forced-feed |lubrication type conpressors. Conpressor shall be
provided with an adjustable oil level regulator with a shutoff valve on
each inlet to allow renoval of individual conmpressors w thout shutting down
the entire system

.5.1.3 Mbt or

Conpressor nmotors shall be of the constant-speed, squirrel-cage, induction
hermetically sealed, lowstarting-current, high-torque type. Mtors shal
be furnished with nagneti c NEMA across-the-line notor starters and

di sconnects in general purpose enclosures.

.5.1.4 Conpr essor Conponent s

Conpressor systens shall include, as a mninum the follow ng:

a. Conpressors 1.1 kW (1-1/2 hp) and larger shall be provided wth
doubl e seated suction and di scharge service val ves each with gauge
ports.

b. Conpressors 3.7 KkW(5 hp) or larger shall have a solid state oi
pressure safety switch with a manual reset with auxiliary alarm
contacts. Time delay duration shall be as recommended by
conpressor manufacturer.

c. Each conpressor shall have a single | ow pressure control with
automatic reset and adjustable cut-in and cut-out range. Braided
steel lines shall be used.

d. Each conpressor shall have a single high-pressure control wth
manual reset, adjustable set-point, and auxiliary alarm contact.
Brai ded steel l|ines shall be used.

e. A conpressor cooling fan shall be provided for each conpressor
whi ch operates bel ow mi nus 18 degrees C (0 degrees F) saturated
suction tenperature.

f. Each conpressor shall have a crankcase oil heater. Control of the
heaters shall be as recommended by the conpressor manufacturer

g. Wen required by the conpressor manufacturer, conpressors shall be
provided with a hot-gas muffler to reduce vibration and noise from
pul sati ons.

5.2 Base Mounti ng

Conpressor and accomuodati ng conponents shall be factory nounted on a
rigid, steel rack, where indicated. Conpressor assenbly shall be nounted.

El ast omer pads shall placed between the assenbly base and the fl oor
selected to limt transmssibility of inbalanced forces at | owest equi pnent
romto 5 percent.

.5.3 Controls

Each conpressor rack shall be provided with a factory nmounted and tested
m cr oprocessor control panel, progranmed to nonitor and control conpressor
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2.

operation, defrost, and systemalarns. The unit shall be conplete with al
operating and safety controls factory nounted for connecting to a renote
thernostat. Controls shall include:

24 volt transfornmner.

I nterl ocki ng non-fused di sconnect

Automatic reset thermal controls.

Fan notor contactor.

Fan del ay off thernostat

On-of f control switch

I ndi vi dual conpressor al arns.

System al ar ns.

Renote signal to the building refrigeration al arm panel

TFe oo oTw

54 Unit Accessories

Renot e condensers shall be in accordance wi th paragraph CONDENSER
Accessories to be used in conbination with each unit shall be provided as

i ndi cated and shall be in accordance w th paragraph REFRI GERANT
ACCESSORI ES. Qutdoor condensing units shall be provided with weat her hoods.

.5.5 El ectrical Controls

El ectrical controls for the unit shall be in accordance w th paragraph
ELECTRI CAL WORK and include at a mnimum nmain and branch circuit overl oad
protective devices conpensated for anbient tenperatures as recommended by
t he manufacturer; status pilot lights; conpressor safety, operating and
capacity controls; defrost controls; local and renote audi ble and vi sua
alarns with provisions to silence; short cycling control wth | ock-out
timer; time delay for sequenced conpressor starts; and renote conponent

i nterface.

.6 CONDENSER, Al R- COOLED

Unit shall be factory fabricated and tested, packaged, self-contained and
ready for full capacity operation after term nal point connections. Unit
shall conformto ARl 460. Split systenms shall be nanufacturer matched
units. Fans shall be propeller or centrifugal type as specified in

par agraph Fans. Fan motors shall have totally encl osed encl osures.

El ectrical controls for the unit shall be in accordance w th paragraph
ELECTRI CAL WORK shal |l include a control transformer and shall be capabl e of
interfacing with local and renote conponents.

.6.1 Unit Casing

Casing shall be weat herproof and enclose all unit components. Structura
menbers and sheet netal for the unit casing shall be constructed of

gal vani zed steel or alum num Casing shall be fitted with lifting

provi sions, access panels, renovable | egs, and fan and heat rejection coi
guards and screens.

.6.2 Condenser Coi

Coil shall have copper tubes of 10 nm (3/8 inch) mninumdianeter wth
copper fins that are mechanically bonded or soldered to the tubes. Coils
shall be protected with m nimum 0.076 mm (3 mls) thick di pped phenolic or
vinyl coating. Casing shall be gal vanized steel or alum num Contact of
dissimlar netals shall be avoided. Coils shall be tested in accordance
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wi th ASHRAE 15 at the factory and shall be suitable for the working
pressure of the installed system Condenser may be used for refrigerant
storage in lieu of separate receiver, provided that storage capacity is 20
percent in excess of fully charged system Coil shall be dehydrated and
seal ed after testing and prior to evaluation and charging. Unit shall be
provided with a factory operating charge of refrigerant and oil or a
hol di ng charge. Unit shipped with a hol ding charge shall be field charged.
Separ at e expansi on devi ces shall be provided for each conpressor circuit.

2.7 UNI T COOLERS

Unit shall be forced circulation type, factory fabricated, assenbled and
tested, and packaged in accordance with ARl 420. Fan shall be the
propeller type in accordance with paragraph Fans. Mtors shall have
totally encl osed encl osures.

2.7.1 Construction

Casing shall be Type 300 stainless steel, alumnum mll galvanized or
hot - di p gal vani zed steel after fabrication. Zi nc-coated carbon steel shal
be provided with protective coating. Coils shall have copper tubes and
alumnumfins. Drain pan shall be watertight, corrosion resistant.

Drai nage piping for units in spaces maintained at |ess than 2 degrees C
shall be insulated. Mtors shall have permanently | ubricated bearings and
built-in thermal protection. Fans shall not require a separate electrica
circuit. Provide adjustable louvers to direct the air in four directions
at a 45 degree angle.

2.7.2 Def rosti ng

Unit shall be defrosted with anmbient space air for refrigerated spaces and
fitted with a electric heat defrosting systemfor freezers.. Defrost
system shall be controlled by tiner defrost controller adjustable for up to
6 defrost cycles per 24 hours, each of 5 to 120 m nutes duration

Control ler shall include an adjustable tinmer to control frequency of

cycles; defrost initiating thernostat; adjustable programtinmer to control
sequence of defrost cycle; defrost term nating thernostat; manual override
switch; selector switch; and status pilot light.

Unit cool er defrost shall be controlled by the associated conpressor unit
m croprocessor. Provide a factory nounted term nation thernpostat on each
unit and a factory nounted fan delay thernostat on each unit with electric
defrost. Unit coolers located in freezer shall be provided with integra
condensat e pan heaters.

2.8 CONTROLS AND | NSTRUMENTS
Refrigeration systemcontrols, instruments and devices shall be industrial
quality, and shall conformto applicable requirenents of ASHRAE 15. Fluid
cont ai ni ng surfaces shall be rated for the service and constructed of
materials suitable for the fluid. Conmponent electrical rating shall be 120
volt ac, unless otherw se indicated and shall be suitable for inposed
| oads.

2.8.1 Refrigeration System Al ar s

2.8.1.1 Audi bl e Al arm
Audi bl e al arm shall be surface-nounted, 200 nm (4 inch) vibrating bell type
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suitabl e for indoor or outdoor service.
2.8.1.2 Vi sual Al arm

Vi sual alarmshall be pilot light type. Alarmshall be 100 watt,
i ncandescent, vapor-tight fixture with cast netal guard and red |ens.

2.8.2 Controllers
2.8.2.1 Differential Pressure Controller

Differential pressure controller shall be provided with high and | ow
pressure sensing ports and shall be direct or reverse acting with
calibrated proportional band and set point adjustnments. Controller output
shal |l be 4-20 mA dc, proportional to the pressure differential sensed.
Local and renote set point adjustnents shall be included. Range shall neet
system requi renents.

2.8.2.2 Differential Tenperature Controller

Differential tenperature controller shall be provided with two filled,
renote sensing bul bs connected to the controller by arnored capillary
tubing. Controller shall be direct or reverse acting with calibrated
proportional band and set point adjustments. Controller output shall be
4-20 mA dc, proportional to the tenperature differential sensed.
Provisions for local and renote set point adjustments shall be included.
Range shall be as required to nmeet systemrequirenents. For imrersion
service, thermal wells shall be provided.

2.8.3 Pil ot Lights

Panel -mounted pilot lights shall be NEMA O ass 12 oil-tight, push-to-test
transformer for 6-8 Vac | anps. Lanps shall be repl aceabl e by renoval of
color cap. Cap color shall be as indicated.

2.8.4 Programer, Demand Control /Load

Programer shall be fully automatic, fail safe, field programmabl e,
solid-state, demand control and | oad progranmmable for 16 | oads. Denand
control portion shall nonitor power consunption by watt or current
transducers. Set point shall be field adjustable w th adjustable dead
band. Load sheddi ng sequence tinme and differential tine between |oad
sheddi ng shall be adjustable. Contacts shall store alarmcondition. Meter
readout shall indicate demand deviation fromset point. Load profile
recorder shall be strip-chart type with readily discernable event record.
Load programer shall permt programm ng of on/off time of each |oad for
any time elenent within a week and shall equalize power demand over a
preset time cycle. Systemshall include input override and tine cycle
accel erator for checkout. Alarmcondition, status of all |oads and tine
peri od shall be visually indicated and recorded. Each |oad shall include a
H O A toggle switch. Al armprovisions shall include relay contacts for
external, renote alarm functions and test provisions. Override pressure
switch shall be provided to restore shedded | oads indicated. Control pane
encl osure shall be NEMA ICS 6, Type 1, surface nmounted type with key | ock
Load profile recorder shall be flush panel mounted type. Load relays shal
be plug-in type with critical load failure in "on" node and contacts rated
for pilot duty at 120 volt ac. Load sheddi ng position sw tches shall shed
| oads on a first shed/last restore basis and renove | oads from system | ogic
for shedding cycle. Tinme clock shall be fitted with spring notor to
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maintain time in event of power failure.
2.8.5 Switches, Fluid Service

Swi tches shall be field adjustable SPDT type and shall have NEMA I CS 6,
Type 1 enclosure with operating range specified or indicated. GCircuits
shall be as required for the applicable functions.

2.8.5.1 Air Flow Switch

Air flow switch shall have a service pressure range of 31 Pa to 2542 Pa
(0.12 to 10 inches wg).

2.8.5.2 Pressure Switch

Pressure switch shall be factory set, one or two stage as indicated, with
adj ustabl e operating and differential pressure. Bourdon tube inlet shall
be fitted with danper screw adj ustnent.

2.8.5.3 Differential Pressure Switch

Differential pressure switch shall be factory set, provided with high and
| ow sensing ports, one or two stages and adjustable differential range and
pressure.

2.8.5.4 Tenperature Switch

Tenperature switch shall be factory set, provided with capillary arnored
capillary tubing and filled sensing system one or two stages as indicated,
and operating adjustable differential range. For inmersion service,
thermal wells shall be provided.

2.8.5.5 Differential Tenperature Swi tch

Differential tenperature switch shall be factory set, provided with two
separate separate arnored capillary systens, one or two stages, and
adjustable differential range and tenperature. For imersion service,
thermal wells shall be provided.

2.8.6 Push-Button Stations
Stations shall be NEMA Class 12 oil-tight, nonmentary or naintained-contact
type, as indicated. Start push-buttons shall have a fully guarded or flush

bl ack operator button. Stop push-buttons shall have an unguarded or
ext ended red operator button.

2.8.7 Sel ect or

Swi tches shall be NEMA Class 12 oil-tight, nonmentary or naintained contact
type, as indicated, with standard operator.

2.9 HEAT RECOVERY DEVI CES
2.9.1 Hot Water Reclaim
Unit shall be integral to the conpressor rack, double-wall,
t ube-wi t hi n-tube heat exchanger type, conplete with thernostatic control.

Unit shall be constructed and refrigerant pressure/tenperature rated in
accordance with ASHRAE 15. Heat exchanger coil shall consist of an
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external refrigerant containing carbon steel tube and an internal

doubl e-wal I -in-nmetallic contact, convol uted, potable water containing
copper tube. Cabinet shall be fabricated of zinc-protected steel and shal
be internally insulated in coil space. The recovery device shall be
provided with a refrigerant conpressor head pressure control and an

i nterl ocked, potable water circulating punp. Punp and notor assenbly shal
be cl ose-coupl ed, manufacturer's standard type w th indicated head and
capacity characteristics, and with brass, bronze, copper or stainless stee
wetted parts. Punp shall be nounted integral to the exchanger and be rated
for 115 volt ac power supply.

2.10 PURGE SYSTEM

Refrigeration systens which operate at pressures bel ow at nospheric pressure
shall be provided with a purge system Purge systens shall automatically
renove air, water vapor, and non-condensi bl e gases fromthe systenis
refrigerant. Purge systens shall condense, separate, and return al
refrigerant back to the system An oil separator shall be provided wth
the purge systemif required by the manufacturer. Purge system shall not

di scharge to occupied areas, or create a potential hazard to personnel
Purge system shall include a purge pressure gauge, nunber of starts
counter, and an el apsed tinme neter. Purge systemshall include |lights or
an al arm whi ch indi cate excessive purge or an abnornal air |eakage into the
system

2.11 | CE MAKER

Provi de a conpl ete, packaged, engineered ice making system conplete with
reci procating or sem-hernetic conpressor, refrigeration valves, piping,
wat er circul ation punp, fragnmentary, cube, or tube ice type ice maker
renote air cool ed condenser, ice storage bin with integral agitator

sem -automati c bagger, water filtration system and all interconnecting

pi ping, wiring and controls. Ice naking systemshall be furnished by a
singl e supplier who shall be responsible for the matching of the various
conmponents and for integration of controls to ensure a conplete and
operating ice making system Al wetted parts in contact with ice shall be
stainl ess steel. Capacities of the equi pnent shall be as indicated.

2.12 REFRI GERANT LEAK DETECTOR

Detector shall be the continuously-operating, hal ogen-specific type.
Detector shall be appropriate for the refrigerant in use. Detector shal

be specifically designed for area nmonitoring and shall include 4 sanpling
points installed where indicated. Detector design and construction shal

be conpatible with the tenperature, humidity, barometric pressure and

vol tage fluctuations of the operating area. Detector shall have an

adj ustable sensitivity such that it can detect refrigerant at or above 3
parts per mllion (ppm). Detector shall be supplied factory-calibrated for
the appropriate refrigerant. Detector shall be provided with an al arm
rel ay out put which energi zes when the detector detects a refrigerant |evel
at or above the TLV-TWA (or toxicity nmeasurenment consistent therewith) for
the refrigerant in use. The detector's relay should be capabl e of
initiating corresponding alarnms and ventil ation systens as indicated on the
drawi ngs. Detector shall be provided with a failure relay output that
energi zes when the nonitor detects a fault in its operation. Detector
shall be conpatible with the facility's energy managenent and control
system (EMCS). The EMCS shall be capable of generating an electronic |og
of the refrigerant level in the operating area, nonitoring for detector

mal functi ons, and nonitoring for any refrigerant alarmconditions.
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2.13 REFRI GERANT RELI EF VALVE/ RUPTURE DI SC ASSEMBLY

The assenbly shall be a conbination pressure relief valve and rupture disc
designed for refrigerant usage. The assenbly shall be in accordance with
ASME BPV | X and ASHRAE 15. The assenbly shall be provided with a pressure
gauge assenbly which will provide local indication if a rupture disc is
broken. Rupture disc shall be the non-fragmenting type.

2.14  REFRI GERANT SI GNS
Refri gerant signs shall be a medi umwei ght al um numtype with a baked
enanel finish. Signs shall be suitable for indoor or outdoor service.
Signs shall have a white background with red letters not Iess than 12 mm
i n height.

2.14.1 Installation lIdentification

Each new refrigerating systemshall be provided with a refrigerant sign
whi ch indicates the follow ng as a m ni num

Contractor's name

Ref ri gerant nunber and anount of refrigerant.
The lubricant identity and amount.

Field test pressure applied.

aeoop

2.14.2 Controls and Piping ldentification

Refri gerant systens containing nore than 50 kg of refrigerant shall be
provided with refrigerant signs which designate the follow ng as a m ni mum

a. Valves or switches for controlling the refrigerant flow, the
ventilation system and the refrigerant conpressor
b. Pressure limting device.

2.15 POAER TRANSM SSI ON COVPONENTS

Fan and open conpressor drives shall be in accordance with the

manuf acturer's published recomendati ons, except as otherw se specified.

Hor sepower rating of V-belt drive shall be based on maxi mum pitch di anmeter
of sheaves. Conpressors shall be fitted with fixed sheaves and drives with
a mninumservice factor of 1.5. Wiere the nunber of unit starts exceeds 8
per 24 hours, add 0.1 to the required drive service factor. Sheaves shal
be statically and dynami cally bal anced, machined ferrous netal, bushing
type, secured by key and keyway. Pitch dianeter of fixed pitch sheaves and
adj ust abl e sheaves, when adjusted to specific limts, shall be not |ess
than that reconmended by NEMA M5 1. Adjustabl e sheaves shall be sel ected
to provide the required operating speed with the sheave set at m d-point of
its adjustnent range. The adjustnent range for various size and type belts
shall be 16 percent mninumfor classical section belts and 12 percent

m ni mum for narrow section belts. Belt drive notors shall be provided with
slide rail or equival ent adjustable notor bases. Direct drive couplings
for motors rated less than 2.2 kW (3 hp) shall be manufacturer's standard.
Direct drive couplings for notors rated greater than 2.2 kW (3 hp) shal

be el astoner-in-shear type. Each drive shall be independent of any ot her
drive. Drive bearings shall be protected with water slingers or shields.
V-belt drives shall be fitted with guards where exposed to contact by

per sonnel

SECTI ON 15652 Page 20
( Am 0002)



COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

2.16 DRAIN AND M SCELLANEQUS PI PI NG

Piping, fittings, valves and accessories for drain and ni scel | aneous
services shall be in accordance with Section 15400 PLUMBI NG GENERAL
PURPCSE

2.17 Pl PI NG AND FI TTI NGS5, FLUOROCARBONS

Pi pi ng, valves, fittings, and accessories shall conformto the requirenents
of ASHRAE 15and ASME B31.5, except as specified.

2.17.1 Copper Tubi ng

Copper tubing shall conformto ASTM B 280 anneal ed or hard drawn as

requi red. Copper tubing shall be soft anneal ed where bending is required

and hard drawn where no bending is required. Soft anneal ed copper tubing

shall not be used in sizes larger than 35 mm (1-3/8 inches). Joi nts shal
be brazed except that joints on lines 22 nm (7/8 inch) and smaller may be
flared.

2.17.2 Copper Tube Joints and Fittings

Copper tube joints and fittings shall be flare joint type with short-shank
flare, or solder-joint pressure type. Joints and fittings for brazed joint
shal | be wrought-copper or forged-brass sweat fittings. Cast sweat-type
joints and fittings will not be allowed for brazed joints.

2.18 VALVES, FLUOROCARBON

Val ves shall be pressure and tenperature rated for contai ned refrigerant
service and shall comply with ASME B31.1. Metals of construction shall be
of Type 300 stainless steel, or ferrous or copper ferrous based. Atnosphere
exposed val ve stens shall be stainless steel or corrosion resistant netal

pl ated carbon steel. Valve body connections shall be brazed or wel ded
socket, flanged or conbination thereof. Threaded connections shall not be
used, except in pilot pressure or gauge |lines where maintenance di sassenbly
is required and wel ded fl anges cannot be used. Valves shall be suitable
for or fitted with extended copper ends for brazing in-place w thout

di sassenbly. Ferrous body valves shall be fitted with factory fabricated
and brazed copper transitions. To mnimze system pressure drops, where
practicable, globe valves shall be angle body type, and straight |ine

val ves shall be full port ball type. Control valve inlets shall be fitted
with integral or adapted strainer or filter where recommended or required
by manufacturer. Valves shall be cleaned and seal ed noi sture-tight.

2.18.1 Refri gerant - St op Val ves

Stop val ves shall be designed for use with the refrigerant used and shal
have pressure ratings conpatible with system working pressures encountered.
Gate valves will not be acceptable.

2.18.1.1 Fl uor ocar bon Service

Val ves 16 mm (5/8 inch) and smaller shall be handwheel operated, straight
or angl e, packl ess diaphragm gl obe type with back-seating stem brazed
ends, except where SAE flare or retained seal cap connections are required.
Val ves larger than 16 mm (5/8 inch) shall be globe or angle type, wench
operated with ground-finish stenms, or ball valves, packed especially for
refrigerant service, back seated, and provided with seal caps. Refrigerant
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i sol ati on and shutoff valves shall have retained or captive spindles and
facilities for tightening or replacenent of the gland packing under |ine
pressure as applicable. Stop valves shall have back-seating plated stee
stem bolted bonnet in sizes 25 nm (1 inch) OD and larger, integral or
flanged transition brazed socket. Valves, in sizes through 65 nmm (2-1/2
i nches) shall be end-entry body assenbly, full-port, floating ball type,
with equalizing orifice fitted chrome plated ball, seats and seals of
tetrafl uoroethyl ene, chrome plated or stainless steel stem and seal cap
In sizes 100 nm (4 inch) |IPS and larger, and in snaller sizes where carbon
steel piping is used, valve bodies shall be tongue and groove fl anged and
conplete with mating flange, gaskets and bolting for socket or butt-weld
connection. Purge, charge and receiver valves shall be of manufacturer's
standard configuration.

2.18.2 Check Val ve

Val ve shall be designed for service application, spring-|oaded type where
required, with resilient seat and with flanged body in sizes 15 mm (1/2
inch) and larger. Valve shall provide positive shutoff at 13.8 kPa (2
psi) psi differential pressure.

2.18.3 Li qui d Sol enoi d Val ves

Val ves shall comply with ARl 760 and shall be suitable for continuous duty
wi th applied voltages 15 percent under and 5 percent over nomi nal rated

vol tage at maxi mum and m ni mum encount ered pressure and tenperature service
conditions. Valves shall be direct-acting or pilot-operating type,

packl ess, except that packed stem seal capped, manual lifting provisions
shall be furnished. Solenoid coils shall be noistureproof, UL approved,
totally encapsul ated or encapsul ated and netal jacketed as required.

Val ves shall have safe working pressure of 2758 kPa (400 psi) and a

maxi mum operating pressure differential of at |east 1380 kPa at 85 percent
rated voltage. Valves shall have an operating pressure differential
suitable for the refrigerant used.

2.18.4 Expansi on Val ves
Expansi on val ves shall conformto the requirements of ARl 750. Valve shal

be of the di aphragm and spring type with internal or external equalizers,
and bulb and capillary tubing. Valve shall be provided with an externa

super heat adjustnent along with a seal cap. Internal equalizers may be
utilized where flowi ng refrigerant pressure drop between outlet of the
valve and inlet to the evaporator coil is negligible and pressure drop

across the evaporator is less than the pressure difference corresponding to
1 degree C (2 degrees F) of saturated suction tenperature at evaporator
conditions. Bulb charge shall be determ ned by the manufacturer for the
application and liquid shall remain in the bulb at all operating
conditions. Gas limted liquid charged val ves and ot her val ve devices for
limting evaporator pressure shall not be used w thout a distributor or

di scharge tube or effective neans to prevent |oss of control when bulb
becormes warnmer than valve body. Pilot-operated valves shall have a
characterized plug to provide required nodul ating control. A de-energized
sol enoid valve may be used in the pilot line to close the nmain valve in
lieu of a solenoid valve in the main liquid line. An isolatable pressure
gauge shall be provided in the pilot line, at the main valve. Autonmatic
pressure reduci ng or constant pressure regul ating expansi on val ves may be
used only where indicated or for constant evaporator |oads. In

di rect-expansion unit cool er applications, thernostatic expansion valve

di scharge shall be through distributor and distributing tubes or through a
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single tube outlet |leading to an orificed header provided by the unit
cool er manufacturer, supplying an evaporator coil with not nore than four
circuits. Distributor orifices shall be sized for application conditions
and distributor shall be provided by the thernostatic expansion val ve
manuf acturer as a matched conbination to suit evaporator coil circuitry.
Were indicated, distributor tube shall be fitted with side inlet for hot
gas bypass or defrosting. In single conpressor/evaporator conbinations,
where conpressor capacity control is only by on-off cycling, and if
recommended by the conpressor manufacturer, thernostatic expansion valve
shall be furnished with a small bl eed passage between inlet and outlet to
facilitate equalization of high and | ow side during off cycle.

2.18.5 Safety Relief Valve

Val ve shall be the two-way type. Single type valves shall be used only
where indicated. Valve shall bear the ASME code synbol. Valve capacity
shall be certified by the National Board of Boiler and Pressure Vesse

I nspectors. Valve shall be of an automatically reseating design after
activation.

2.18.6 Evaporator Pressure Regul ators, Direct-Acting

Val ve shall include a diaphragm spring power assenbly, external pressure
adjustnment with seal cap, and pressure gauge port. Valve shall nmaintain a
constant inlet pressure by balancing inlet pressure on diaphragm agai nst an
adj ustabl e spring | oad. Pressure drop at system design | oad shall not
exceed the pressure difference corresponding to a 1 degree C (2 degrees F)
change in saturated refrigerant tenperature at evaporator operating suction
tenmperature. Spring shall be selected for indicated maxi mum al |l owabl e
suction pressure range.

2.18.7 Refri gerant Access Val ves
Ref ri gerant access val ves and hose connections shall conformto AR 720.
2.18.8 Service Gauge Fittings

Fittings shall be designed for connecting a pressure gauge with a hose
fitting. These fittings shall be provided in the suction pipe at each unit
cool er.

2.19 REFRI GERANT ACCESSORI ES
2.19.1 Fans

Fan wheel shafts shall be supported by either naintenance-accessible

[ ubricated anti-friction block-type bearings, or permanently |ubricated
ball bearings. Unit fans shall be selected to produce the cfmrequired at
the fan total pressure. Thermal overload protection shall be of the manua
or automatic-reset type. Fan wheels or propellers shall be constructed of
al um num or gal vani zed steel. Centrifugal fan wheel housings shall be of
gal vani zed steel, and both centrifugal and propeller fan casings shall be
constructed of alum num or gal vani zed steel. Steel elenents of fans,
except fan shafts, shall be hot-di pped gal vani zed after fabrication or
fabricated of mll gal vani zed steel. MII-gal vani zed steel surfaces and
edges damaged or cut during fabrication by form ng, punching, drilling,
wel di ng, or cutting shall be recoated with an approved zinc-rich conpound.
Fan wheel s or propellers shall be statically and dynam cally bal anced.
Forward curved fan wheels shall be limted to .39 cm Direct-drive fan
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motors shall be of the nultiple-speed variety. Centrifugal scroll-type
fans shall be provided with streamined orifice inlet and V-belt drive.
Each drive shall be independent of any other drive. Propeller fans shal

be direct-drive or V-belt drive type with fixed pitch blades. V-belt
driven fans shall be nounted on a corrosion protected drive shaft supported
by either maintenance-accessible lubricated anti-friction bl ock-type
bearings, or permanently |ubricated ball bearings.

2.19.2 Pressure Vessels

Pressure vessels shall conformto ASME BPV VIII Div 1 or UL 207, as
appl i cabl e for maxi mum and m ni mum pressure or tenperature encountered.
VWere referenced publications do not apply, pressure conponents shall be
tested at 1-1/2 tinmes design working pressure. Refrigerant wetted carbon
steel surfaces shall be pickled or abrasive blasted free of mll scale,

cl eaned, dried, charged, and sealed. Were service tenperatures bel ow

m nus 6.7 degrees C (20 degrees F) are encountered, materials of
construction shall be |low tenperature alloy carbon steel

2.19.2.1 Hot Gas Muffler

Unit shall be selected by the manufacturer for nmaxi mum noi se attenuation
Units rated for 105.5 kW (30 tons) capacity and under may be field tunable

type.
2.19.2.2 Li qui d Recei ver

Recei ver shall be designed, filled, and rated in accordance with the
recomendati ons of ARl 495, except as nodified herein. Receiver shall be
sized so that it is never filled beyond 80 percent of its total capacity.
The remai ning 20 percent shall allow for liquid expansion. Receiver shal
be provided with a relief valve of capacity and setting in accordance wth
ASHRAE 15. Receiver shall be fitted to include an inlet pipe; an outlet
drop pipe with oil seal and oil drain where necessary; two bulls-eye |liquid
| evel sight glass in sane vertical plane, 90 degrees apart and
perpendi cul ar to axis of receiver or external gauge glass with nmetal guard
and automatic stop valves; a thermal well for thernostat; a float sw tch
col um; purge, charge, equalizing, pressurizing, plugged drain and service
val ves on the inlet and outlet connections. Receiver shall be factory
insulated with not |ess than 25 mm thick, 100 percent adhesive bonded,
vaportight, flexible, closed-cell elastonmer and finished with two coats of
sol vent base PVC protective coating or 0.41 mm (0.016 inch) thick al um num
j acket.

2.19.2.3 Q| Separator

Separator shall be the high efficiency type, provided with renovable
flanged head for ease in renoving float assenbly and renovabl e screen
cartridge assenbly. Pressure drop through a separator shall not exceed 69
kPa (10 psi) during the renoval of hot gas entrained oil. Connections to
conpressor shall be as recomended by the conpressor manufacturer
Separator shall be provided with an oil float val ve assenbly or needle

val ve and orifice assenbly, drain |ine shutoff valve, sight glass, filter
for renoval of all particulate sized 0.01 mmand |arger, thernoneter and

| ow tenperature thernostat fitted to thermal well, inmersion heater, and
strainer.

2.19.2. 4 G| Reservoir
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Reservoir capacity shall equal one charge of all connected conpressors.
Reservoir shall be provided with an external |iquid gauge gl ass, plugged
drain, and isolation valves. Vent piping between the reservoir and the
suction header shall be provided with a 34.5 kPa (5 psi) pressure
differential relief valve. Reservoir shall be provided with the

manuf acturer's standard filter on the oil return line to the oil |evel
regul ators.

2.19.3 Condenser and Head Pressure Control

Unit shall be capable of automatically operating without daily or seasona
adjustnments in anbient tenperature of 20 degrees C. Control shall be set
for refrigerant condensing tenperature of 52 degrees C Control s shal
permt proper operation of systemw th proper differential pressure across
the thernostatic expansion valve. Control systemshall be based on sensing
of actual condensing pressure in conjunction with manufacturer's standard
met hod of subcooling the saturated refrigerant. Controls shall be set to
produce a m ni mum 15 degrees C subcooling. Subcooling circuit shall be
liquid sealed. Air volume control will not be acceptable for anbient
conditions bel ow 2 degrees C Necessary accessories shall be provided to
mai ntai n safe conpressor discharge tenperatures for |ow tenperature systens.

2.19.4 Filter Driers

Driers shall conformto ARl 710. Sizes 16 mm (5/8 inch) and |arger shal
be the full flow, replaceable core type. Sizes 15 mm(1/2 inch) and
smal l er shall be the sealed type. Cores shall be of suitable desiccant
that will not plug, cake, dust, channel, or break down, and shall renove
water, acid, and foreign material fromthe refrigerant. Filter driers
shal |l be constructed so that none of the desiccant will pass into the
refrigerant lines. M nimmbursting pressure shall be 10 MPa (1,500 psig).

2.19.5 Sight d ass and Liquid Level |ndicator
2.19.5.1 Assenbly and Conponents

Assenbly shall be pressure- and tenperature-rated and constructed of
materials suitable for the service. dass shall be borosilicate type
Ferrous conponents subject to condensation shall be el ectro-gal vani zed.

2.19.5.2 Gauge d ass

Gauge gl ass shall include top and bottomisol ation valves fitted with
aut omati ¢ checks, and packing followers; red-line or green-Iline gauge

gl ass; elastomer or polymer packing to suit the service; and gauge gl ass
guard.

2.19.5.3 Bul | s-Eye and Inline Sight 3 ass Reflex Lens

Bul | s-eye and inline sight glass reflex lens shall be provided for dead-end
liquid service. For pipe line nounting, two plain |enses in one body
sui tabl e for backlighted view ng shall be provided.

2.19.5.4 Mbi sture | ndi cat or

I ndi cator shall be a self-reversible action, noisture reactive, color
changi ng nedia. Indicator shall be furnished with full-color-printing tag
contai ning color, noisture and tenperature criteria. Unless otherw se

i ndi cated, the noisture indicator shall be an integral part of each
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correspondi ng sight gl ass.
2.19.6 Fl exi bl e Pi pe Connectors

Connector shall be pressure and tenperature rated for the service in
accordance with ASHRAE 15 and ASME B31.5. Connector shall be a conposite
of interior corrugated phosphor bronze or Type 300 series stainless steel
as required for fluid service, with exterior reinforcenent of bronze
stainless steel or nonel wire braid. Assenbly shall be constructed with a
safety factor of not less than 4 at 150 degrees C (300 degrees F). Unl ess
otherw se indicated, the length of a flexible connector shall be as
recommended by the manufacturer for the service intended.

2.19.7 Strai ners

Strainers used in refrigerant service shall have brass or cast iron body, Y
or angle pattern, cleanable, not |ess than 60-nesh noncorrodi ng screen of
an area to provide net free area not less than 10 tinmes the pipe di aneter
with pressure rating conpatible with the refrigerant service. Screens

shal |l be stainless steel or nonel and reinforced spring-|loaded where
necessary for bypass-proof construction

2.19.8 Brazing Materials

Brazing materials for refrigerant piping shall be in accordance with AWS
A5.8, Cassification BCuP-5.

2.19.9 Li quid and Suction Headers

Li quid and suction headers shall be provided on each multi-conpressor
system Headers shall be sized according to manufacturer's
recommendati ons. Each header shall be provided with service valves to
permt servicing each unit cooler and forced circulation air coil. Each
service valve shall have a gauge port which can be closed by back-seating
the valve and a front seat which can close off the |Iine connected to the
mani fol d. Each service valve shall be provided with a renovabl e,
protective val ve stem cap or cover.

2.20 FABRI CATI ON
2.20.1 Factory Coati ng

Unl ess ot herwi se specified, equipnent and conponent itens, when fabricated
fromferrous nmetal, shall be factory finished with the manufacturer's
standard finish, except that itens |ocated outside of buildings shall have
weat her resistant finishes that will withstand 125 500 hours exposure to
the salt spray test specified in ASTM B 117 using a 25 percent sodium
chloride solution. Imediately after conpletion of the test, the specinen
shal |l show no signs of blistering, winkling, cracking, or |oss of adhesion
and no sign of rust creepage beyond 3 nm on either side of the scratch
mark. Cut edges of gal vani zed surfaces where hot-di p gal vani zed sheet

steel is used shall be coated with a zinc-rich coating conformng to ASTM D
520, Type I.

2.20.2 Field Painting
Pai nting required for surfaces not otherw se specified, and finish painting

of items only prined at the factory are specified in Section 09900PAI NTI NG
GENERAL.
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2.20.2.1 Col or Codi ng

Col or coding for piping identification is specified in Section 09900
PAI NTI NG, GENERAL.

2.20.2.2 Col or Codi ng Schene

A col or coding schene for |ocating hidden piping shall be in accordance
with Section 15400 PLUMBI NG GENERAL PURPOSE.

2.21 ELECTRI C HEAT TRACI NG

Furni sh and install a conplete UL Iisted system of heaters, conponents, and
controls to prevent condensate drain lines fromfreezing. The

sel f-regul ati ng heater shall consist of two (2) 16 AWG ni ckel coated-copper
bus wires enbedded in parallel in a self-regulating polynmer core that
varies its power output to respond to tenperature all along its |ength,
allowi ng the heater to be crossed over its elf w thout overheating, to be
used directly on plastic pipe, and to be cut to length in the field. The
heater shall be covered by a radiation cross-1inked nodified polyolefin
dielectric jacket. For installation on plastic piping, the heater shall be
applied using alum numtape, to provide a good ground path where none

exi st. The heater shall operate on 120 volts without the use of a
transfornmer. The heater shall have a heater output rating of 5 watts per
foot at 50 degrees F. Power connection, end seal, splice and tee kit
conmponents shall be applied in the field.

PART 3 EXECUTI ON
3.1 | NSTALLATI ON

Work shall be performed in accordance with the manufacturer's published

di agranms, recomendations, and equi pnent warranty requirenents. The
design, fabrication, and installation of the systemshall conformto ASME
BPV VIII Div 1 and ASME BPV | X as applicable. Were applicable, work shal
be performed in accordance with ASHRAE 15 and |1 AR 2 for ammopni a systens.

3.1.1 Equi pnent

Equi prent shall be properly |evel ed, aligned, and secured in place in
accordance with manufacturer's instructions. Necessary supports shall be
provided for all equiprment, appurtenances, and pipe as required, including
franes or supports for conpressors, punps and sinmilar itenms. Conpressors
shall be isolated fromthe building structure. |Isolators shall be selected
and sized based on | oad-bearing requirenments and the | owest frequency of
vibration to be isolated. Foundation draw ngs, bolt-setting information
and foundation bolts shall be furnished prior to concrete foundation
construction for equipnent indicated or required to have concrete

foundati ons. Concrete for foundations shall be as specified in Section
03300 CAST- | N- PLACE STRUCTURAL CONCRETE

3.1.2 Mechani cal Room Ventil ati on

Mechani cal ventilation systens shall be in accordance with Section 15895
Al R-SUPPLY, DI STRI BUTI ON, VENTI LATI ON, AND EXHAUST SYSTEMS

3.1.3 Bui | di ng Surface Penetrations
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Sl eeves in nonl oad bearing surfaces shall be gal vani zed sheet netal,
conformng to ASTM A 653/ A 653M Coating Class G90, 1 mm (20 gauge).

Sl eeves in |l oad bearing surfaces shall be uncoated carbon steel pipe,
conformng to ASTM A 53, Standard weight. Sealants shall be applied to
noi sture and oil -free surfaces and el astoners to not |ess than 13 mm
depth. Sl eeves shall not be installed in structural nenbers.

3.1.3.1 CGeneral Service Areas

Each sl eeve shall extend through its respective wall, floor, or roof, and
shall be cut flush with each surface. Pipes passing through concrete or
masonry wall or concrete floors or roofs shall be provided with pipe
sleeves fitted into place at the tinme of construction. Sleeves shal
provide a mninmum of 6 nm all-around cl earance between bare pipe and

sl eeves or between jacketed-insulation and sleeves. Except in pipe chases
or interior walls, the annul ar space between pipe and sl eeve or between
jacket over-insulation and sl eeve shall be sealed in accordance with
Section 07900 JO NT SEALI NG

3.1.3.2 Wt er pr oof Penetrations

Pi pes passing through roof or floor waterproofing nmenbrane shall be
installed through a 0.48 kg (17 ounce) copper sleeve or a 0.81 nm (0.032
inch) thick alum num sl eeve, each within an integral skirt or flange.

Fl ashi ng sl eeve shall be suitably formed, and skirt or flange shall extend
not less than 200 nm fromthe pipe and shall be set over the roof or floor
menbrane in a trowel ed coating of bitum nous cenent. The flashing sleeve
shall extend up the pipe a m ninmum of 50 mm above the roof or floor
penetration. The annul ar space between the flashing sl eeve and the bare
pi pe or between the flashing sleeve and the netal -jacket-covered insul ation
shal |l be sealed as indicated. Penetrations shall be sealed by either one
of the foll ow ng nethods.

a. Waterproof O amping Flange: Pipes up to and including 250 mm (10
i nches) in dianeter passing through roof or floor waterproofing
menbrane may be installed through a cast iron sleeve with caul ki ng
recess, anchor lugs, flashing clanp device, and pressure ring with
brass bolts. Waterproofing nenbrane shall be clanped into place
and seal ant shall be placed in the caul ki ng recess.

b. Mbdul ar Mechanical Type Sealing Assenbly: In lieu of a waterproof
cl anpi ng fl ange, a nodul ar nmechani cal type sealing assenbly may be
installed. Seals shall consist of interlocking synthetic rubber
i nks shaped to continuously fill the annul ar space between the
pi pe/ conduit and sleeve with corrosion protected carbon stee
bolts, nuts, and pressure plates. Links shall be I oosely
assenbled with bolts to forma continuous rubber belt around the
pipe with a pressure plate under each bolt head and each nut.

After the seal assenbly is properly positioned in the sleeve,
tightening of the bolt shall cause the rubber sealing elenments to
expand and provide a watertight seal between the pipe/conduit and
the sl eeve. Each seal assenbly shall be sized as recommended by
the manufacturer to fit the pipe/conduit and sl eeve involved. The
Contractor electing to use the nodul ar nmechani cal type seals shal
provi de sl eeves of the proper dianeter.

3.1.3.3 Fire-Rated Penetrations
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Penetration of fire-rated walls, partitions, and floors shall be sealed as
specified in Section 07840 FlI RESTOPPI NG

3.1.3. 4 Escut cheons

Fi ni shed surfaces where exposed pi ping, bare or insulated, pass through
floors, walls, or ceilings, except in boiler, utility, or equipnment roons,
shall be provided with escutcheons. Were sleeves project slightly from
floors, special deep-type escutcheons shall be used. Escutcheon shall be
secured to pipe or pipe covering.

3.1.4 Access Panel s

Access panels shall be provided for conceal ed val ves, vents, controls, and
items requiring inspection or maintenance. Access panels shall be of
sufficient size and | ocated so that the concealed itens nmay be serviced and
mai nt ai ned or conpletely renoved and replaced. Access panels shall be as
specified in Section 05500 M SCELLANEQUS METALS

3.1.5 Refri geration Piping

Unl ess ot herwi se specified, pipe and fittings installation shall conformto
the requirenents of ASME B31.5. Pipe shall be cut accurately to the
nmeasurenents established at the jobsite and worked into place without
springing or forcing. Cutting or otherw se weakening of the buil ding
structure to facilitate piping installation will not be permtted w thout
witten approval. Pipes shall be cut square, shall have burrs renoved by
ream ng, and be installed in a manner to pernit free expansi on and
contraction wi thout danage to joints or hangers. Filings, dust, or dirt
shall be wi ped frominterior of pipe before connections are made.

3.1.5.1 Directional Changes

Changes in direction shall be made with fittings, except that bendi ng of
pi pe 100 mm (4 inches) and smaller will be permtted, provided a pipe
bender is used and w de-sweep bends are formed. The centerline radius of
bends shall not be |less than 6 dianeters of the pipe. Bent pipe show ng
ki nks, winkles, or other malformations will not be accepted.

3.1.5.2 Functi onal Requirenents

Pi pi ng shall be sloped 13 nmper 3 m of pipe in the direction of flowto
ensure adequate oil drainage. Open ends of refrigerant |ines or equi pnment
shal | be properly capped or plugged during installation to keep noisture,
dirt, or other foreign material out of the system Piping shall remain
capped until installation. Equipnent piping shall be in accordance with

t he equi pnent manufacturer's recomendati ons and the contract draw ngs.

3.1.5.3 Brazed Joints

Brazing shall be perforned in accordance with AWS Brazi ng Hdbk, except as
nodi fied herein. During brazing, the pipe and fittings shall be filled
with a pressure regulated inert gas, such as nitrogen, to prevent the
formati on of scale. Before brazing copper joints, both the outside of the
tube and the inside of the fitting shall be cleaned with a wire fitting
brush until the entire joint surface is bright and clean. Brazing flux
shall not be used. Surplus brazing material shall be renmpved at al

joints. Steel tubing joints shall be made in accordance with the

manuf acturer's recommendati ons. Tubing shall be protected against
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oxi dation during brazing by continuous purging of the inside of the piping
using nitrogen. Piping shall be supported prior to brazing and shall not
be sprung or forced.

3.1.5.4 Thr eaded Joi nts

Threaded joints shall be made with tapered threads and made tight with PTFE
tape complying with ASTM D 3308 or equival ent thread-joint conpound applied
to the male threads only. Not nore than three threads shall show after the
joint is made.

3.1.5.5 Fl anged Joints

Fl anged joints shall be assenbl ed square and tight with matched fl anges,
gaskets, and bolts. (Gaskets shall be suitable for use with the
refrigerants to be handled. Wen steel refrigerant piping is used, union
or flange joints shall be provided in each line imedi ately preceding the
connection to each piece of equipnent requiring maintenance, such as
conpressors, coils, refrigeration equipment, control valves, and ot her
simlar itens.

3.1.5.6 Fl ared Connecti ons

VWhen fl ared connections are used, a suitable lubricant shall be used
bet ween the back of the flare and the nut in order to avoid tearing the
flare while tightening the nut.

3.1.6 Pi pi ng Supports

Refri gerant pipe supports shall conformto ASME B31.5. Hangers used to
support piping 50 mm (2 inches) and l|larger shall be fabricated to permt
adequat e adjustnent after erection while still supporting the Ioad. Pipe
gui des and anchors shall be installed to keep pipes in accurate alignnent,
to direct the expansi on novenent, and to prevent buckling, swaying, and
undue strain. Piping subjected to vertical novenent, when operating
tenperatures exceed anbi ent tenperatures, shall be supported by variable
spring hangers and supports or by constant support hangers.

3.1.6.1 Sei sm ¢ Requirenents

Pi pi ng and attached val ves shall be supported and braced to resist seismc
| oads as specified in Sections 13080 SEI SM C PROTECTI ON FOR M SCELLANEQUS
EQUI PMENT. Structural steel required for reinforcement to properly support
pi pi ng, headers, and equi pnent but not shown shall be provided. Material
used for support shall be as specified in Section 05500 M SCELLANECUS
METALS.

3.1.6.2 Structural Attachments

Attachment to building structure concrete and masonry shall be by
cast-in-concrete inserts, built-in anchors, or masonry anchor devi ces.
Inserts and anchors shall be applied with a safety factor not |less than 5.
Supports shall not be attached to netal decking. Masonry anchors for

over head applications shall be constructed of ferrous materials only.

Mat erial used for support shall be as specified in Section 05500

M SCELLANEQUS METALS.

3.1.7 Pi pe Hangers, Inserts, and Supports
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Pi pe hangers, inserts, and supports shall conformto MSS SP-58 and MSS SP-69,
except as nodified herein. Pipe hanger types 5, 12, and 26 shall not be
used.

3.1.7.1 Hanger s

Type 3 shall not be used on insulated piping. Type 24 may be used only on
trapeze hanger systens or on fabricated franes.

3.1.7.2 I nserts

Type 18 inserts shall be secured to concrete forns before concrete is
pl aced. Continuous inserts which allow nore adjustnments may be used if
they otherw se neet the requirenments for Type 18 inserts.

3.1.7.3 C d anps

Type 19 and 23 C-clanmps shall be torqued per M5SS SP-69 and have both
| ocknuts and retaining devices, furnished by the manufacturer
Fiel d-fabricated G clanp bodies or retaining devices are not acceptabl e.

3.1.7.4 Angle Attachnents

Type 20 attachnents used on angles and channel s shall be furnished with an
added nal | eabl e-iron heel plate or adapter

3.1.7.5 Saddl es and Shi el ds

VWhere Type 39 saddl e or Type 40 shield are permitted for a particul ar pipe

attachment application, the Type 39 saddle, connected to the pipe, shall be
used on all pipe 100 mm (4 inches) and |larger when the tenperature of the

mediumis 16 degrees C or higher. Type 40 shields shall be used on al

pi ping | ess than 100 nm (4 inches) and all piping 100 mm (4 inches) and

| arger carrying mediumless than 16 degrees C A high density insulation

insert of cellular glass shall be used under the Type 40 shield for piping

50 mm (2 inches) and |arger

3.1.7.6 Hori zontal Pipe Supports

Hori zontal pipe supports shall be spaced as specified in MSS SP-69. A
support shall be installed not over 25 mm fromthe pipe fitting joint at
each change in direction of the piping. Pipe supports shall be spaced not
over 1525 mm apart at valves. Pipe hanger |oads suspended from stee

joist with hanger |oads between panel points in excess of 23 kg (50 pounds)
shal | have the excess hanger | oads suspended from panel points.

3.1.7.7 Vertical Pipe Supports

Vertical pipe shall be supported at each floor, except at slab-on-grade,
and at intervals of not nore than 4570 mm not npore than 2440 mm from end
of risers, and at vent term nations.

3.1.7.8 Pi pe Qui des

Type 35 guides using steel, reinforced polytetrafluoroethyl ene (PTFE) or
graphite slides shall be provided where required to allow | ongitudinal pipe
nmovenment. Lateral restraints shall be provided as required. Slide
materials shall be suitable for the system operating tenperatures,

at nospheric conditions, and bearing | oads encountered.
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3.1.7.9 Steel Slides

VWere steel slides do not require provisions for restraint of |latera
nmovenent, an alternate guide nmethod may be used. On piping 100 mm (4
inches) and larger, a Type 39 saddle shall be used. On piping under 100
mm (4 inches), a Type 40 protection shield may be attached to the pipe or
insulation and freely rest on a steel slide plate.

3.1.7.10 H gh Tenperature Guides with Cradles

VWere there are high systemtenperatures and welding to piping is not
desirable, then the Type 35 guide shall include a pipe cradle, welded to

t he guide structure and strapped securely to the pipe. The pipe shall be
separated fromthe slide material by at |east 100 mm (4 inches), or by an
anount adequate for the insulation, whichever is greater

3.1.7.11 Mul tiple Pipe Runs

In the support of nultiple pipe runs on a comon base nenber, a clip or
clanp shall be used where each pipe crosses the base support nenber.
Spaci ng of the base support nenbers shall not exceed the hanger and support
spacing required for an individual pipe in the multiple pipe run

3.1.8 Pi pe Alignnent Cuides

Pi pe alignnent guides shall be provided where indicated for expansion

| oops, offsets, and bends and as recommended by the manufacturer for
expansion joints, not to exceed 1525 mm on each side of each expansion
joint, and in lines 100 mm (4 inches) or smaller not nore than 610 mm on
each side of the joint.

3.1.9 Pi pe Anchors

Anchors shall be provided wherever necessary or indicated to |ocalize
expansion or to prevent undue strain on piping. Anchors shall consist of
heavy steel collars with lugs and bolts for clanping and attachi ng anchor
braces, unless otherw se indicated. Anchor braces shall be installed in
the nost effective manner to secure the desired results using turnbuckles
where required. Supports, anchors, or stays shall not be attached where
they will injure the structure or adjacent construction during installation
or by the weight of expansion of the pipeline. Where pipe and conduit
penetrations of vapor barrier sealed surfaces occur, these itens shall be
anchored i mredi ately adjacent to each penetrated surface, to provide
essentially zero novenment within penetration seal. Detailed draw ngs of
pi pe anchors shall be submitted for approval before installation

3.1.10 Pi pi ng Identification

Each piping systemand direction of fluid flow shall be identified in
accordance with applicable provisions of ANSI A13.1 with col or coded,
wat er, noisture and broad-spectrumtenperature resistant, plastic |abels.

3.1.11 Manual Val ves

Stop valves shall be installed on each side of each piece of equipnent such
as conpressors, condensers, evaporators, receivers, and other simlar itens
in multiple-unit installation, to provide partial systemisolation as
required for maintenance or repair. Angle and gl obe val ves shall be
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installed with stens horizontal unless otherwi se indicated. Ball valves
shall be installed with stens positioned to facilitate operation and

mai nt enance. |solating valves for pressure gauges and sw tches shall be
external to thermal insulation. Safety switches shall not be fitted with
isolation valves. Thermal wells for insertion thernoneters and thernostats
shal | extend beyond thermal insulation surface not |ess than 25 nm

Filter dryers having access ports may be considered a point of isolation
Purge val ves shall be provided at all points of systens where accumnul at ed
noncondensi bl e gases woul d prevent proper system operation. Valves shal
be furnished to match line size, unless otherw se indicated or approved.
Drain valves shall be provided in bottomof risers and | ow points of
ammoni a pi pi ng.

3.1.12 Expansi on Val ves

Expansi on val ves shall be installed with the thernostatic expansion val ve
bul b I ocated on top of the suction line when the suction line is I ess than
50 mm (2 inches) in diameter and at the 4 o' clock or 8 o' clock position on
lines larger than 50 mm (2 inches). The bulb shall be securely fastened
with two clanps. The bulb shall be insulated. The bulb shall be installed
in a horizontal portion of the suction line, if possible, with the pigtai
on the bottom |If the bulb is installed in a vertical line, the bulb
tubi ng shall be facing up

3.1.13 Val ve ldentification

Each system val ve, including those which are part of a factory assenbly,
shal |l be tagged. Tags shall be in al phanuneric sequence, progressing in
direction of fluid flow Tags shall be enbossed, engraved, or stanped
plastic or nonferrous nmetal of various shapes, sized approximately 35 mm

di anmeter, or equival ent dinmension, substantially attached to a conmponent or
i medi ately adj acent thereto. Tags shall be attached wi th nonferrous,
heavy duty, bead or |ink chain, 14 gauge annealed wire, nylon cable bands
or as approved. Tag nunbers shall be referenced in Qperation and

Mai nt enance Manual s and system di agr ans.

3.1.14 Strai ners

Strainers shall be provided i medi ately ahead of sol enoid val ves and
expansi on devi ces and where indicated. Strainers may be an integral part
of the expansion val ve.

3.1.15 Filter Dryer

Aliquid line filter dryer shall be provided on each refrigerant circuit
| ocated so that all liquid refrigerant passes through a filter dryer.
Dryers shall be sized in accordance with the manufacturer's
recommendati ons. A dryer shall be installed so that it can be isol ated
fromthe system the isolated portion of the system evacuated, and the
filter dryer replaced. Dryers shall be installed in the horizonta
position except replaceable core filter dryers may be installed in the
vertical position with the access flange on the bottom

3.1.16 Si ght d ass
A nmoi sture indicating sight glass shall be installed in refrigerant

circuits down streamof filter dryers and where indicated. Sight glass
shall be full Iine size.
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3.1.17 Ther nonet er s

Thernmoneters shall be fitted with thermal well. \Were test thernoneter

| ocations are indicated, only plugged thermal well shall be provided.
Thermoneters located within 1525 mm of floor may be rigid stemtype.

VWhere thermal well is |ocated above 1525 nm above fl oor, thernoneter shal
be uni versal adjustable angle type or renote el ement type to 2135 nmm above
floor and rempte el ement type where thermal well is 2135 mm or nore above
floor. Thermoneters shall be located in coolant supply and return or waste
lines at each heat exchanger, at each automatic tenperature control device
wi t hout an integral thernoneter, refrigerant liquid |line |eaving receiver,
refrigerant suction line at each unit cooler, and where indicated or

requi red for proper operation of equipnent.

3.1.18 Fl exi bl e Connectors

Fl exi ble metallic connectors shall be installed perpendicular to Iine of
noti on being isolated. Piping for equiprment with bidirectional notion
shall be fitted with two flexi ble connectors, in perpendicul ar pl anes.

Rei nforced el astonmer flexible connectors shall be installed in accordance
wi th manufacturer's instructions. Piping guides and restraints related to
flexi bl e connectors shall be provided as required. Connectors shall be
provided in the suction and di scharge |lines on spring nounted conpressors.
Connectors shall be anchored firmy at the upstreamend on the suction |line
and the downstreamend in the discharge line.

3.1.19 Power Transm ssion Conponents Adj ust nent

V-belts and sheaves shall be properly aligned and tensioned prelimnary to
operation and after 72 hours of operation at final speed. Belts on drive
side shall be uniformy | oaded, not bouncing. Alignment of direct-drive
couplings shall be to within 50 percent of manufacturer's maxi num al | owabl e
range of msalignment.

3.1.20 Unit Cool er Drainage

Drain lines from product storage spaces naintained at 2 degrees C or |ower
shall be fitted with NSF approved connections and cl eanout tee; shall be
short as possible; shall not be trapped; and shall not be conbi ned, unless
all conbined units are defrosted sinultaneously and are controlled by a
single tinmer. Drain lines nmay be conbined in spaces naintained at
nonfreezing tenperatures after individual trapping. Drain lines shall be
heat traced and insulated starting with drain pan fitting through the
surface penetration into a nonfreezing space, a distance sufficient to
ensure freedomfromice during defrost cycle. Drain line size shall be not
| ess than drain pan outlet size. Drain line shall be pitched as shown, and
not less than 6 mm per 300 mm where not shown. Drain |ine heat tracing
shall be electric as indicated. Electrically heat traced drain |ines shal
utilize external or internal to drain line heating elenents, applied to
produce watt-density and tenperature reconmended by the manufacturer

Where netal lic sheathed heat tracer is used in contact with netallic drain
line or internal thereto, sheath material shall be stainless steel

External netallic sheathing shall be installed by banding on not nore than
300 nm centers with all stainless steel wormdrive hose cl anps and heat
transfer area shall be increased by continuous tangential fillets of heat
conducting paste. Electric heat tracing power supply shall be as indicated.

3.1.21 Field Applied Insulation
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Field applied insulation shall be as specified in Section 15080 THERMAL
| NSULATI ON FOR MECHANI CAL SYSTEMS.

3.1.22 El ectric Heat Tracing

Apply the heater strip linearly on the pipe after piping has been
successfully pressure tested. Secure the heater to piping with cable ties
or fiberglass tape. Apply "ELECTRI C TRACED' signs to the outside of the
thermal insulation. After installation and before and after installing the
thermal insulation, subject heat to testing using a 2500 VDC megger

M ni mum i nsul ati on resistance shoul d be 20 nmegohns regardl ess of |ength.
The installer shall test for both heating cable bus wires to verify the
connection of any splices or tees.

3.1.23 Factory Applied Insul ation

Suction headers, liquid receivers, oil separators, and oil reservoirs shal
be insulated with not less than 19 mm (3/4 inch) thick unicellular plastic
foam as a standard manufacturer's process.

3.1.24 Franed I nstructions

Framed instructions shall be framed under glass or |am nated plastic and
posted where directed. Instructions shall include equipnment |ayout, wring
and control diagranms, piping, valves and control sequences, and typed
condensed operation instructions. The condensed operation instructions
shal I include preventative mai ntenance procedures, nethods of checking the
system for normal and safe operation, and procedures for safely starting
and stopping the system The instructions shall be posted before
acceptance testing of the system

3.2 TESTS

Tests shall be conducted in the presence of the Contracting O ficer
Uilities for testing shall be provided as specified in the SPECI AL
CONTRACT REQUI REMENTS. Water and electricity required for the tests will

be furnished by the Governnent. Material, equipnent, instrunents, and
personnel required for the test shall be provided by the Contractor. The
services of a qualified technician shall be provided as required to perform
tests and procedures indicated. Field tests shall be coordinated with
Section 15990 TESTI NG ADJUSTI NG AND BALANCI NG OF HVAC SYSTEMS.

3.2.1 Ref ri gerant System

After all conponents of the refrigerant system have been installed and
connected, the entire refrigeration systemshall be subjected to a
pneumatic test as specified.

3.2.1.1 Prelim nary Procedures

Prior to pneumatic testing, equipnent which has been factory tested and
refrigerant charged as well as equi pnent which could be damaged or cause
personnel injury by inposed test pressure, positive or negative, shall be
isolated fromthe test pressure or renoved fromthe system Safety relief
val ves and rupture discs, where not part of factory seal ed systens, shal
be renoved and openi ngs capped or plugged.

3.2.1.2 Pneumati c Test
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Pressure control and excess pressure protection shall be provided at the
source of test pressure. Valves shall be wi de open, except those |eading
to the atnosphere. Test gas shall be dry nitrogen, with mnus 56.7 degrees
C (minus 70 degrees F) dewpoint and less than 5 ppmoil. Test pressure
shall be applied in two stages before any refrigerant pipe is insulated or
covered. First stage test shall be at 69 kPa wth every joint being
tested with a thick soap or color indicating solution. Second stage tests
shall raise the systemto the mninmumrefrigerant | eakage test pressure
specified in ASHRAE 15 or I1AR 2 with a maxi numtest pressure of 25 percent
greater than specified. Pressure above 690 kPa (100 psig) shall be raised
in 10 percent increments with a pressure acclimatizing period between
increnments. The initial test pressure shall be recorded along with the
anbi ent tenperature to which the systemis exposed. Final test pressures
of the second stage shall be naintained on the systemfor a mni numof 24
hours. At the end of the 24 hour period, the system pressure shall be
recorded along with the anbient tenperature to which the systemis exposed.
A correction factor of 2 kPa w Il be allowed for each degree change

bet ween test space initial and final anbient tenperature, plus for increase
and mnus for a decrease. |If the corrected system pressure is not exactly
equal to the initial systemtest pressure, the systemshall be investigated
for leaking joints. To repair leaks, the joint shall be taken apart,

t horoughl y cl eaned, and reconstructed as a new joint. Joints repaired by
caul ki ng, renelting, or back-wel ding/brazing will not be acceptable.
Following repair, the entire systemshall be retested using the pneumatic
tests described above. The entire system shall be reassenbl ed once the
pneumatic tests are satisfactorily conpl eted.

3.2.1.3 Evacuati on Test

Fol | owi ng satisfactory conpletion of the pneumatic tests, the pressure
shall be relieved and the entire system shall be evacuated to an absol ute
pressure of 300 microns. During evacuation of the system the anbient
tenperature shall be higher than 2 degrees C (35 degrees F). No nore than
one system shall be evacuated at one time by one vacuum punp. Once the
desired vacuum has been reached, the vacuumline shall be closed and the
system shall stand for 1 hour. |If the pressure rises over 500 m crons
after the 1 hour period, the systemshall be evacuated again down to 300
mcrons and |let set for another 1 hour period. The systemshall not be
charged until a vacuum of at |east 500 microns is maintained for a period
of 1 hour w thout the assistance of a vacuumline. |If, during the testing,
the pressure continues to rise, the systemshall be checked for | eaks,
repaired as required, and the evacuati on procedure repeated. During
evacuation, pressures shall be recorded by a thernocouple type, electronic
type, or a calibrated-mcron type gauge

3.2.1.4 System Chargi ng and Startup Test

Fol | owi ng satisfactory conpletion of the evacuation tests, the system shal
be charged with the required amount of refrigerant by raising pressure to
normal operating pressure, and in accordance with manufacturer's
procedures. Follow ng charging, the systemshall operate w th high-side
and | ow si de pressures and corresponding refrigerant tenperatures, at
design or inproved values. The entire systemshall be tested for |eaks.
Fl uor ocar bon systens shall be tested with halide torch or electronic |eak
det ectors.

3.2.1.5 Ref ri gerant Leakage
If arefrigerant leak is discovered after the system has been charged, the
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| eaki ng portion of the systemshall imediately be isolated fromthe

remai nder of the systemand the refrigerant punped into the systemreceiver
or other suitable container. The refrigerant shall not be discharged into
t he at nosphere.

3.2.1.6 Contractor's Responsibility

The Contractor shall, at all times during the installation and testing of
the refrigeration system take steps to prevent the release of refrigerants
into the atnosphere. The steps shall include, but not be linmted to,

procedures which will mninmze the release of refrigerants to the

at nosphere and the use of refrigerant recovery devices to renove
refrigerant fromthe systemand store the refrigerant for reuse or reclaim
No nmore than 85 grams of refrigerant shall be rel eased to the atnosphere
in any one occurrence. Systemleaks within the first year shall be
repaired in accordance with the requirenents herein at no cost to the
Government, including material, labor, and refrigerant, if the leak is the
result of defective equipnment, material, or installation

3.2.2 Syst em Per f or mance

After the foregoing tests have been conpl eted and before each refrigeration
systemis accepted, tests to denonstrate the general operating
characteristics of all equi pment shall be conducted by a registered

pr of essi onal engi neer or an approved manufacturer's startup representative
experienced in systemstartup and testing, at such tines as directed.

Tests shall cover a period of not |less than 5 days for each system and
denonstrate that the entire systemis functioning in accordance with the
drawi ngs and specifications. Corrections and adjustments shall be nade as
necessary and tests shall be re-conducted to denonstrate that the entire
systemis functioning as specified. Any refrigerant [ost during the system
startup shall be replaced. During the system performance tests, a report
shal | be maintai ned to docunent conpliance with the specified performance
criteria upon conpletion and testing of the system The report shal

i nclude the following information at a mni mum and shall be taken at |east
three different times at outside dry-bulb tenperatures that are at |east 3
degrees C apart:

a. Date and outside weather conditions.
b. The |l oad on the system based on the foll ow ng:
(1) The refrigerant used in the system
(2) Condensing tenperature and pressure.
(3) Suction tenperature and pressure.
(4) Anbient, condensing and cool ant tenperatures.
(5) Running current, voltage and proper phase sequence for each
phase of all notors.
c. The actual onsite setting of operating and safety controls.

d. Thernostatic expansi on val ve superheat-val ue as determ ned by field
test.

e. Subcool i ng.
f. Hgh and low refrigerant tenperature switch set-points.

g. Low oil pressure switch set-point.
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h. Defrost systemtiner and thernostat set-points.
i. Misture content.
j. Capacity control set-points.

k. Field data and adjustments which affect unit performance and energy
consunpt i on.

|. Field adjustnents and settings which were not permanently marked as
an integral part of a device.

2.3 Accept ance Tests

Upon conpl etion and prior to acceptance of the work, the Contractor shal
perform pre-operational checkout, calibration and adjustnment of system
conmponents to ensure and denonstrate stable, accurate, reproducible, energy
efficient operation and opti mum perfornmance. Systens shall be operated for
48 hours after all nmajor corrections have been made. |If tests do not
denonstrate satisfactory system perfornmance, deficiencies shall be
corrected and systemshall be retested. Prior to acceptance, service valve
seal caps and bl anks over gauge points shall be installed and tightened.

.3 CLEANI NG AND ADJUSTI NG

Equi prent shall be wi ped clean, with all traces of oil, dust, dirt, or
pai nt spots renoved. Systemshall be maintained in this clean condition
until final acceptance. Bearings shall be properly lubricated with oil or
grease as recomended by the manufacturer. Belts shall be tightened to
proper tension. Control valves and other m scellaneous equi pnent requiring
adj ustment shall be adjusted to setting indicated or directed.

.4 DEMONSTRATI ONS

Denonstrations shall be conducted for the operating staff as designated by
the Contracting Oficer. Denonstrations shall start after the systemis
functionally conpleted but prior to final acceptance tests. Denonstrations
shal |l be under the direction of a registered professional engineer who
shall attest to installed systens and equi pnent conpliance with the

requi renents of the contract docunents. Denonstrations shall include
operation of systems equi pnment and controls through normal ranges and
sequences and sinulation of abnormal conditions. Each device shall be
caused to function manually and automatically in accordance with its
purpose. The field instructions shall cover the itens contained in the
Qperation and Mai ntenance Manual s as well as denonstrations of routine

mai nt enance operati ons.

-- BEnd of Section --
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SECTI ON 15895

Al R SUPPLY, DI STRI BUTI ON, VENTI LATI ON, AND EXHAUST SYSTEM

PART 1 GENERAL

1.

1 REFERENCES
The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
designation only.

Al R CONDI TI ONI NG AND REFRI GERATI ON | NSTI TUTE (ARI)

ARl Quideline D (1996) Application and Installation of
Central Station Air-Handling Units

Al R MOVEMENT AND CONTROL ASSQOCI ATI ON ( AMCA)

AMCA 210 (1985) Laboratory Methods of Testing Fans
for Rating
AMCA 300 (1996) Reverberant Room Met hod for Sound

Testing of Fans
AMERI CAN BEARI NG MANUFACTURERS ASSOCI ATI ON ( AFBMA)

AFBVA Std 9
(1990) Load Ratings and Fatigue Life for
Bal | Bearings

AFBMVA Std 11
(1990) Load Ratings and Fatigue Life for
Rol | er Beari ngs

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM A 53/ A 53M (1999b) Pi pe, Steel, Black and Hot-Di pped
Zi nc- Coat ed, Wl ded and Seanl ess

ASTM A 123/ A 123M (1997ael) Zinc (Hot-Di p Gal vani zed)
Coatings on Iron and Steel Products

ASTM A 924/ A 924M (1999) Ceneral Requirenents for Stee
Sheet, Metallic-Coated by the Hot-Dip
Process

ASTM B 62 (1993) Comnposition Bronze or Qunce Meta
Casti ngs

ASTM B 75M (1999) Seam ess Copper Tube (Metric)

ASTM B 88 (1999) Seaml ess Copper Water Tube
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ASTM B 88M (1999) Seam ess Copper Water Tube (Metric)
ASTM B 117 (1997) Operating Salt Spray (Fog) Apparatus
ASTM D 520 (1984; R 1995el) Zinc Dust Pi gnment

ASTM D 1654 (1992) Evaluation of Painted or Coated

Speci mens Subj ected to Corrosive
Envi ronnent s

ASTM D 3359 (1997) Measuring Adhesion by Tape Test

ASTM E 437 (1992; R 1997) Industrial Wre Cloth and
Screens (Square Qpening Series)

AVERI CAN SOCI ETY OF HEATI NG, REFRI GERATI NG AND Al R- CONDI TI ONI NG
ENG NEERS ( ASHRAE)

ASHRAE 52.1 (1992) Gavinetric and Dust - Spot
Procedures for Testing Air-d eaning
Devi ces Used in General Ventilation for
Renovi ng Particul ate Matter

ASHRAE 70 (1991) Method of Testing for Rating the
Performance of Air Qutlets and Inlets

AVERI CAN SOCI ETY OF MECHANI CAL ENG NEERS ( ASME)

ASME B16. 18 (1984; R 1994) Cast Copper Alloy Sol der
Joint Pressure Fittings

ASME B16. 22 (1995; B16.22a1998) Wought Copper and
Copper Alloy Solder Joint Pressure Fittings

ASME B16. 26 (1988) Cast Copper Alloy Fittings for
Fl ared Copper Tubes

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATl ON ( NEMA)
NEVA MG 1 (1998) Mdtors and Generators
NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 90A (1999) Installation of Air Conditioning
and Ventilating Systens

SHEET METAL & Al R CONDI TI ONI NG CONTRACTORS' NATI ONAL ASSOCI ATl ON
( SMACNA)

SMACNA HVAC Duct Const Stds (1995; Addenda Nov 1997) HVAC Duct
Construction Standards - Metal and Fl exible

SMACNA Install Fire Danp HVAC (1992) Fire, Snoke and Radi ati on Danper
Installati on Guide for HVAC Systens

SMACNA Leakage Test Wnl (1985) HVAC Air Duct Leakage Test Manual

UNDERWRI TERS LABORATORI ES (UL)
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UL 181 (1996; Rev Dec 1998) Factory-Made Air
Ducts and Air Connectors

UL 214 (1997) Tests for Fl ane-Propagation of
Fabrics and Fil ns

UL 555 (1999) Fire Danpers

UL 900 (1994; Rev thru Nov 1999) Test Performance
of Air Filter Units

UL Bld Mat Dir (1999) Building Materials Directory

UL Fire Resist Dir (1999) Fire Resistance Directory (2 Vol.)

1.2 COORDI NATI ON OF TRADES

Ductwork, piping offsets, fittings, and accessories shall be furnished as
required to provide a conplete installation and to elimnate interference
with other construction.

1.3 DELI VERY AND STORAGE

Equi pnrent delivered and placed in storage shall be stored with protection
fromthe weather, humdity and tenperature variations, dirt and dust, or
ot her contam nants.

1.4 SUBM TTALS

CGovernment approval is required for submittals with a "G designation;
submttals not having a "G' designation are for information only. Wen
used, a designation following the "G' designation identifies the office
that will review the submttal for the Governnent. The follow ng shall be
subm tted in accordance with Section 01330 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

Dr awi ngs
Install ation

1.4.1 Dr awi ngs

Drawi ngs shall consist of equi pnent |ayout including assenbly and
installation details and electrical connection diagrans; ductwork |ayout
showi ng the | ocation of all supports and hangers, typical hanger details,
gauge reinforcenent, reinforcenent spacing rigidity classification, and
static pressure and seal classifications; and piping | ayout show ng the

| ocation of all guides and anchors, the |oad i nposed on each support or
anchor, and typical support details. Drawi ngs shall include any
information required to denonstrate that the system has been coordi nated
and will properly function as a unit and shall show equi pnent rel ationship
to other parts of the work, including clearances required for operation and
mai nt enance.

SD- 03 Product Data
Conponents and Equi pnent
Manuf acturer's catal og data shall be included with the detail
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drawi ngs for the following itens. The data shall be highlighted
to show nodel, size, options, etc., that are intended for

consi deration. Data shall be adequate to denonstrate conpliance
with contract requirenents for the foll ow ng:

a. Piping Components

b. Ductwork Conponents

c. Air Systens Equi prent
Test Procedures

Proposed test procedures for piping hydrostatic test, ductwork
| eak test, and performance tests of systens, at |east 2 weeks
prior to the start of related testing.

System Di agranms, G ED

Proposed diagrans, at |east 2 weeks prior to start of related
testing. Systemdiagrans that show the | ayout of equipnent,
pi pi ng, and ductwork, and typed condensed operation nmanual s
expl ai ni ng preventative mai nt enance procedures, nethods of
checki ng the system for normal, safe operation, and procedures for
safely starting and stopping the system shall be framed under
glass or laminated plastic. After approval, these itens shall be
post ed where directed.

Simlar Services

St at ement denonstrating successful conpletion of simlar
services on at least 5 projects of simlar size and scope, at
| east 2 weeks prior to submttal of other itenms required by this
secti on.
Testing, Adjusting and Bal anci ng

Proposed test schedul es for hydrostatic test of piping, ductwork
| eak test, and performance tests, at |east 2 weeks prior to the
start of related testing.
Field Training

Proposed schedule for field training, at |east 2 weeks prior to
the start of related training.

SD-06 Test Reports

Per f ormance Tests
Test reports for the piping hydrostatic test, ductwork |eak

test, and performance tests in booklet form upon conpletion of
testing. Reports shall document phases of tests perforned
including initial test summary, repairs/adjustnents nmade, and
final test results.

SD-07 Certificates
Bol ts
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Witten certification fromthe bolt nmanufacturer that the bolts
furni shed comply with the requirements of this specification. The
certification shall include illustrations of product markings, and
t he nunber of each type of bolt to be furnished.

SD-10 Operation and Mai ntenance Data
Qperating and Mai ntenance | nstructions

Six manual s |isting step-by-step procedures required for system
startup, operation, shutdown, and routine maintenance, at |east 2
weeks prior to field training. The manuals shall include the
manuf acturer's name, nodel nunber, parts list, list of parts and
tools that should be kept in stock by the owner for routine
mai nt enance i ncluding the nane of a |ocal supplier, sinplified
wiring and controls diagrans, troubl eshooting guide, and
recomended service organi zati on (including address and tel ephone
nunber) for each item of equipnent.

PART 2 PRODUCTS

2.

2.

1 STANDARD PRODUCTS

Conmponents and equi pnent shall be standard products of a manufacturer

regul arly engaged in the manufacturing of products that are of a simlar
mat eri al, design and wor kmanshi p. The standard products shall have been in
sati sfactory commercial or industrial use for 2 years before bid opening.
The 2-year experience shall include applications of components and

equi prent under simlar circunmstances and of simlar size. The 2 years
must be satisfactorily conpleted by a product which has been sold or is
offered for sale on the comercial market through adverti senents,

manuf acturers' catal ogs, or brochures. Products having |less than a 2-year
field service record will be acceptable if a certified record of

sati sfactory field operation, for not Iess than 6000 hours exclusive of the
manuf acturer's factory tests, can be shown. The equipnent itens shall be
supported by a service organi zation

.2 ASBESTOS PRCHI BI Tl ON

Asbest os and asbest os-contai ni ng products shall not be used.

.3 NAVEPLATES

Equi prent shall have a naneplate that identifies the manufacturer's nane,
address, type or style, nodel or serial nunber, and catal og nunber.

.4 EQUI PMENT GUARDS AND ACCESS

Belts, pulleys, chains, gears, couplings, projecting setscrews, keys, and
other rotating parts exposed to personnel contact shall be fully encl osed
or guarded according to OSHA requirenments. Hi gh tenperature equi pnent and
pi pi ng exposed to contact by personnel or where it creates a potential fire
hazard shall be properly guarded or covered with insulation of a type
specified. Catwal ks, |adders, and guardrails shall be provided where shown
and shall be constructed according to Section 05500 M SCELLANEQUS METAL

5 Pl PI NG COVPONENTS
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2.

5.1 Copper Tube

Copper tube shall conformto ASTM B 88, and ASTM B 838M Type Kor L

.5.2 Joints and Fittings For Copper Tube

W ought copper and bronze sol der-joint pressure fittings shall conformto
ASME B16. 22 and ASTM B 75M . Cast copper alloy solder-joint pressure
fittings shall conformto ASME B16.18. Cast copper alloy fittings for
flared copper tube shall conformto ASME B16.26 and ASTM B 62. Brass or
bronze adapters for brazed tubing may be used for connecting tubing to
flanges and to threaded ends of val ves and equi pnent. Extracted brazed tee
joints produced with an acceptable tool and installed as recommended by the
manuf acturer may be used.

.6 ELECTRI CAL WORK

El ectrical notor-driven equi prent specified shall be provided conplete with
motor, notor starter, and controls. Unless otherw se specified, electric
equi prent, including wiring and notor efficiencies, shall be according to
Section 16415 ELECTRI CAL WORK, |INTERICR  Electrical characteristics and
encl osure type shall be as shown. Unless otherw se indicated, notors of
745 W and above shall be high efficiency type. Mdttor starters shall be
provi ded conmplete with thermal overload protection and ot her appurtenances
necessary. FEach nmotor shall be according to NEMA M5 1 and shall be of
sufficient size to drive the equipnment at the specified capacity w thout
exceedi ng the naneplate rating of the notor. Manual or automatic control
and protective or signal devices required for the operation specified, and
any control wiring required for controls and devices, but not shown, shal
be provided. Were two-speed or variabl e-speed notors are indicated,
solid-state vari abl e-speed controller may be provided to acconplish the
same function. Solid-state variable-speed controllers shall be utilized
for motors rated 7.45 kW (10 hp) or |ess.

.7 CONTROLS

Controls shall be provided as specified in Section 15951 DI RECT D d TAL
CONTROL FOR ( HVAC)

.8 DUCTWORK COMPONENTS

.8.1 Met al Duct wor k

Al'l aspects of metal ductwork construction, including all fittings and
components, shall conply with SMACNA HVAC Duct Const Stds unl ess ot herw se
specified. Elbows shall be radius type with a centerline radius of 1-1/2
times the width or dianeter of the duct where space permts. Oherw se

el bows having a mninumradius equal to the width or dianeter of the duct
or square elbows with factory fabricated turning vanes nmay be used. Static
pressure Cass 125, 250, and 500 Pa (1/2, 1, and 2 inch w.g.) ductwork
shall neet the requirenents of Seal Cass C. Sealants shall conformto
fire hazard classification specified in Section 15080 THERVAL | NSULATI ON
FOR MECHANI CAL SYSTEMS. Pressure sensitive tape shall not be used as a
sealant. Spiral lock seamduct, and flat oval shall be nade w th duct

seal ant and | ocked with not |ess than 3 equally spaced drive screws or

ot her approved nethods indicated i n SMACNA HVAC Duct Const Stds. The

seal ant shall be applied to the exposed nale part of the fitting collar so
that the sealer will be on the inside of the joint and fully protected by
the metal of the duct fitting. One brush coat of the sealant shall be
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applied over the outside of the joint to at |east 50 nm band w dth
covering all screw heads and joint gap. Dents in the male portion of the
slip fitting collar will not be acceptable. Qutdoor air intake ducts and
pl enuns shall be fabricated with waterti ght sol dered or brazed joints and
seans.

2.8.1.1 Transitions

Diverging air flow transitions shall be made with each side pitched out a
maxi mum of 15 degrees, for an included angle of 30 degrees. Transitions
for converging air flow shall be made with each side pitched in a maxi mum
of 30 degrees, for an included angle of 60 degrees, or shall be as

i ndi cated. Factory-fabricated reducing fittings for systenms using round
duct sections when forned to the shape of the ASME short flow nozzle, need
not conply with the naxi mum angl es specifi ed.

2.8.1.2 I nsul ated Nonnetal lic Fl exible Duct Runouts

Fl exi bl e duct runouts shall be used only where indicated. Runout |ength
shall be as shown on the draw ngs, but shall in no case exceed 3 m Runouts
shal |l be preinsulated, factory fabricated, and shall conply wi th NFPA 90A
and UL 181. Either field or factory applied vapor barrier shall be

provi ded. Were coil induction or high velocity units are supplied with
vertical air inlets, a streanlined and vaned and mitered el bow transition
pi ece shall be provided for connection to the flexible duct or hose. The

| ast elbow to these units, other than the vertical air inlet type, shall be
a di e-stanped el bow and not a flexible connector. Insulated flexible
connectors may be used as runouts. The insulated material and vapor
barrier shall conformto the requirenents of Section 15080 THERMAL

| NSULATI ON FOR MECHANI CAL SYSTEMS. The insulation material surface shal

not be exposed to the air stream

2.8.1.3 Ceneral Service Duct Connectors

A flexible duct connector approximately 150 mm in width shall be provided
where sheet netal connections are made to fans or where ducts of dissinmlar
netal s are connected. For round/oval ducts, the flexible material shall be
secured by stainless steel or zinc-coated, iron clinch-type draw bands.

For rectangul ar ducts, the flexible material |ocked to nmetal collars shal
be installed using normal duct construction nethods. The conposite
connector systemshall conply with UL 214 and be classified as
"flame-retarded fabrics" in UL Bld Mat Dir.

2.8.1.4 H gh Tenperature Service Duct Connections

Material shall be approximately 2.38 mm thick, 1.2 to 1.36 kg per square
meter (35 to 40-ounce per square yard) weight, plain weave fibrous gl ass
cloth with, nickel/chrone wire reinforcement for service in excess of 650
degrees C.

2.8.2 Duct wor k Accessori es
2.8.2.1 Duct Access Doors

Access doors shall be provided in ductwork and pl enuns where indi cated and
at all fire danpers, thernostats, and other apparatus requiring service and
i nspection in the duct system and unless otherwi se shown, shall conformto
SMACNA HVAC Duct Const Stds. Access doors shall be provided upstream and
downstream of air flow nmeasuring primaries and cooling coils. Doors shal
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be m ninum 375 x 450 mm unl ess ot herwi se shown. Were duct size will not
acconmodate this size door, the doors shall be nmade as |arge as
practicable. Doors 600 x 600 mm or |larger shall be provided wth
fasteners operable fromboth sides. Doors in insulated ducts shall be the
i nsul ated type.

2.8.2.2 Fire Danpers

Fire danpers shall be 1-1/2 hour fire rated unl ess otherw se indicated.
Fire danpers shall conformto the requirenents of NFPA 90A and UL 555. The
Contractor shall performthe fire danper test as outlined in NFPA 90A. A
pressure relief danper shall be provided upstreamof the fire danper. |If
t he ductwork connected to the fire danper is to be insulated then this
pressure relief danper shall be factory insulated. Fire danpers shall be
automatic operating type and shall have a dynamic rating suitable for the
maxi mum air velocity and pressure differential to which it will be

subj ected. Fire danpers shall be approved for the specific application
and shall be installed according to their listing. Fire danpers shall be
equi pped with a steel sleeve or adequately sized frame installed in such a
manner that disruption of the attached ductwork, if any, will not inpair
the operation of the danper. Sleeves or frames shall be equipped wth
perimeter nounting angles attached on both sides of the wall or floor
opening. Ductwork in fire-rated floor-ceiling or roof-ceiling assenbly
systenms with air ducts that pierce the ceiling of the assenblies shall be
constructed in conformance with UL Fire Resist Dir. Fire danmpers shall be
curtain type with danper blades out of the air stream Danpers shall not
reduce the duct or the air transfer opening cross-sectional area. Danpers
shall be installed so that the centerline of the danper depth or thickness
is located in the centerline of the wall, partition or floor slab depth or
t hi ckness. Unless otherw se indicated, the installation details given in
SMACNA Install Fire Danp HVAC and in manufacturer's instructions for fire
danpers shall be foll owed.

2.8.2.3 Splitters and Manual Bal anci ng Danpers

Splitters and manual bal anci ng danpers shall be furnished with accessible
operating nmechani sms. \Wiere operators occur in finished portions of the
bui | di ng, operators shall be chromumplated with all exposed edges
rounded. Splitters shall be operated by quadrant operators or 5 nm (3/16
inch) rod brought through the side of the duct with |ocking setscrew and
bushing. Two rods are required on splitters over 200 nm (8 inches).

Manual vol ume control danpers shall be operated by | ocking-type quadrant
operators. Danpers and splitters shall be 2 gauges heavier than the duct
in which installed. Unless otherw se indicated, nultil eaf danpers shall be
opposed bl ade type with maxi nrum bl ade wi dth of 300 nm Access doors or
panel s shall be provided for all conceal ed danper operators and | ocking
setscrews. Unless otherw se indicated, the |ocking-type quadrant operators
for danpers, when installed on ducts to be thermally insulated, shall be
provided with stand-off mounting brackets, bases, or adapters to provide

cl earance between the duct surface and the operator not |ess than the

t hi ckness of the insulation. Stand-off nounting itens shall be integra
with the operator or standard accessory of the danper manufacturer. Vol une
danpers shall be provi ded where indicated.

2.8.2.4 Air Deflectors and Branch Connections
Air deflectors shall be provided at duct nmounted supply outlets, at takeoff

or extension collars to supply outlets, at duct branch takeoff connections,
and at 90 degree el bows, as well as at |ocations as indicated on the
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drawi ngs or otherw se specified. Conical branch connections or 45 degree
entry connections may be used in lieu of deflectors or extractors for
branch connections. All air deflectors, except those installed in 90
degree el bows, shall be provided with an approved neans of adjustnent.

Adj ust ment shall be made from easily accessibl e nmeans inside the duct or
froman adjustnent with sturdy |lock on the face of the duct. Wen
installed on ducts to be thermally insul ated, external adjustnments shall be
provided with stand-off nounting brackets, integral with the adjustnent
device, to provide clearance between the duct surface and the adjustnent
device not less than the thickness of the thermal insulation. Air
deflectors shall be factory-fabricated units consisting of curved turning
vanes or |ouver bl ades designed to provide uniformair distribution and
change of direction with m ni mum turbul ence or pressure loss. Air
deflectors shall be factory or field assenbled. Blade air deflectors, also
call ed blade air extractors, shall be approved factory fabricated units
consi sting of equalizing grid and adjustable blade and | ock. Adjustnent
shall be easily made fromthe face of the diffuser or by position
adjustnent and | ock external to the duct. Stand-off brackets shall be
provi ded on insul ated ducts and are described herein. Fixed air
deflectors, also called turning vanes, shall be provided in 90 degree

el bows.

2.8.3 Duct Sl eeves, Framed Prepared Openings, Cosure Collars
2.8.3.1 Duct Sl eeves

Duct sl eeves shall be provided for round ducts 375 mm in dianmeter or |ess
passi ng through floors, walls, ceilings, or roof, and installed during
construction of the floor, wall, ceiling, or roof. Round ducts |arger than
375 mm in dianeter and square, rectangul ar, and oval ducts passing through
floors, walls, ceilings, or roof shall be installed through framed prepared
openi ngs. The Contractor shall be responsible for the proper size and

| ocation of sleeves and prepared openings. Sleeves and franed openings are
al so required where grilles, registers, and diffusers are installed at the
openi ngs. Franed prepared openings shall be fabricated from1.0 mm (20
gauge) galvani zed steel, unless otherwi se indicated. Were sleeves are
installed in bearing walls or partitions, black steel pipe, ASTM A 53/ A 53M
Schedul e 20 shall be used. Sleeve shall provide 25 mm cl earance between
the duct and the sleeve or 25 mm clearance between the insulation and the
sl eeve for insul ated ducts.

2.8.3.2 Framed Prepared Openings

Openi ngs shall have 25 mm cl earance between the duct and the opening or 25
mm cl earance between the insulation and the opening for insulated ducts.

2.8.3.3 Closure Collars

Col lars shall be fabricated of gal vani zed sheet netal not |ess than 100 nm
wi de, unless otherw se indicated, and shall be installed on exposed ducts
on each side of walls or floors where sleeves or prepared openings are
provided. Collars shall be installed tight against surfaces. Collars
shall fit snugly around the duct or insulation. Sharp edges of the collar
around insul ated duct shall be ground smooth to preclude tearing or
puncturing the insulation covering or vapor barrier. Collars for round
ducts 375 mm in dianeter or less shall be fabricated from 1.0 mm (20

gauge) galvanized steel. Collars for round ducts larger than 375 mm and
square, and rectangul ar ducts shall be fabricated from 1.3 nmm (18 gauge)
gal vani zed steel. Collars shall be installed with fasteners on nmaxi mum 150
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2.

mm centers, except that not less than 4 fasteners shall be used.
8.4 Diffusers, Registers, and Gilles

Units shall be factory-fabricated of corrosion-resistant steel, or alum num
and shall distribute the specified quantity of air evenly over space
i ntended wi thout causing noticeable drafts, air novenent faster than 0.25
ms (50 fpn) in occupied zone, or dead spots anywhere in the conditioned
area. Qutlets for diffusion, spread, throw, and noise |level shall be as
required for specified performance. Performance shall be certified
according to ASHRAE 70. Inlets and outlets shall be sound rated and
certified according to ASHRAE 70. Sound power |evel shall be as indicated.
Diffusers and registers shall be provided with vol ume danper wth
accessi bl e operator, unless otherwi se indicated; or if standard with the
manuf acturer, an automatically controlled device will be acceptable.
Vol ure danpers shall be opposed bl ade type for all diffusers and registers.
VWere the inlet and outlet openings are | ocated |less than 2 m above the
floor, they shall be protected by a grille or screen according to NFPA 90A

.8.4.1 Di ffusers

Di ffuser types shall be as indicated. Ceiling nmounted units shall be

furni shed with anti-snmudge devices, unless the diffuser unit mnimzes

cei ling snudgi ng through design features. Diffusers shall be provided with
air deflectors of the type indicated. Ceiling nounted units shall be
installed with rinms tight against ceiling. Sponge rubber gaskets shall be
provi ded between ceiling and surface nmounted di ffusers for air |eakage
control. Suitable trimshall be provided for flush nmounted diffusers.

Duct collar connecting the duct to diffuser shall be airtight and shall not
interfere with volune controller. Return or exhaust units shall be simlar
to supply diffusers.

.8.4.2 Regi sters and Gilles

Units shall be four-way directional-control type, except that return and
exhaust registers may be fixed horizontal or vertical |ouver type simlar

i n appearance to the supply register face. Registers shall be provided
wi t h sponge-rubber gasket between flanges and wall or ceiling. Wall supply
regi sters shall be installed at |east 150 mm below the ceiling unless
otherw se indicated. Return and exhaust registers shall be |ocated 150 nm
above the floor unless otherwi se indicated. Four-way directional control
may be achieved by a grille face which can be rotated in 4 positions or by
adj ustment of horizontal and vertical vanes. Gilles shall be as specified
for registers, wthout volune control danper.

.8.5 Louvers

Louvers for installation in exterior walls which are associated with the
air supply and distribution systemshall be as specified in Section 07600
SHEET METALWORK, GENERAL.

.8.6 Air Vents, Penthouses, and Goosenecks

Air vents, penthouses, and goosenecks shall be fabricated from stainless
steel Type 316 sheets with stainless steel, Type 316, structural shapes.
Stai nl ess Steel thickness, reinforcenent, and fabrication shall conformto
SMACNA HVAC Duct Const Stds. Louver blades shall be accurately fitted and
secured to franes. Edges of |ouver blades shall be fol ded or beaded for
rigidity and baffled to exclude driving rain. Air vents, penthouses, and
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goosenecks shall be provided with bird screen
2.8.7 Bird Screens and Franes

Bird screens shall conformto ASTME 437, No. 2 nesh, stainless steel
Stainl ess steel screens shall be rated "light". Frames shall be stainless
steel .

2.9 Al R SYSTEMS EQUI PVENT
2.9.1 Fans

Fans shall be tested and rated according to AMCA 210. Fans may be

connected to the notors either directly or indirectly with V-belt drive.

V-belt drives shall be designed for not |ess than 150 140 120 percent of

t he connected driving capacity. Mdtor sheaves shall be variable pitch for

11 kW (15 hp) and below and fixed pitch as defined by AR Cuideline D

Variabl e pitch sheaves shall be selected to drive the fan at a speed which

wi || produce the specified capacity when set at the approxi mate m dpoint of

t he sheave adjustnment. \Wen fixed pitch sheaves are furnished, a

repl aceabl e sheave shall be provi ded when needed to achi eve systemair

bal ance. Mdtors for V-belt drives shall be provided with adjustable rails

or bases. Renovable netal guards shall be provided for all exposed V-belt

drives, and speed-test openings shall be provided at the center of al
rotating shafts. Fans shall be provided with personnel screens or guards

on both suction and supply ends, except that the screens need not be

provi ded, unless otherw se indicated, where ducts are connected to the fan
Fan and nmotor assenblies shall be provided with vibration-isolation

supports or mountings as indicated. Vibration-isolation units shall be

standard products with published | oading ratings. Each fan shall be

sel ected to produce the capacity required at the fan static pressure

i ndi cated. Sound power |evel shall be as indicated. The sound power |evel

val ues shall be obtained according to AMCA 300. Standard AMCA arrangenent,
rotation, and discharge shall be as indicated.

2.9.1.1 In-Line Centrifugal Fans

In-line fans shall have centrifugal backward inclined bl ades, stationary
di scharge conversion vanes, internal and external belt guards, and

adj ustabl e nmotor nounts. Fans shall be nounted in a wel ded tubul ar casing.
Air shall enter and leave the fan axially. Inlets shall be streanined
wi th conversion vanes to elimnate turbul ence and provi de snoot h di scharge
air flow Fan bearings and drive shafts shall be enclosed and isol ated
fromthe air stream Fan bearings shall be seal ed agai nst dust and dirt
and shall be permanently lubricated, and shall be precision self aligning
ball or roller type. Bearing life shall be L50 rated at not |ess than
200, 000 hours as defined by AFBVMA Std 9 and AFBMA Std 11. Mdtors shal
have open enclosure. Modtor starters shall be magnetic across-the-line wth
gener al - pur pose encl osures. Renote manual switch with pilot indicating
light shall be provided where indicated.

2.9.1.2 Air-Curtain Fans

Air curtains shall be provided with a weat herproof housing constructed of
hi gh inmpact plastic or mnimum 1.3 mm (18 gauge) rigid welded steel. Fan
wheel s shal |l be backward curved, non-overl oading, centrifugal type and
accurately bal anced statically and dynam cally. Mdtors shall have totally
encl osed fan cool ed enclosures. Mtor starters shall be renote nmanual type
wi t h weat her-resistant encl osure actuated when the doorway served is open.
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The air curtains shall attain the air velocities specified within 2 seconds
follow ng activation. Air intake and di scharge openi ngs shall be protected
by bird screens. Air curtain unit or a multiple unit installation shall be
at least as wide as the opening to be protected. The air discharge

openi ngs shall be so designed and equi pped as to permt outward adjustnent
of the discharge air. Adjustnment and installation placenent shall be
according to the manufacturer's witten recommendati on. Directiona
controls on air curtains for service wi ndows shall be designed to be easily
cl eanable or readily renmovable. Air curtains shall be designed to prevent
the adjustnment of the air velocities specified. The interior surfaces of
the air curtain units shall be accessible for cleaning. Certified test
data indicating that the fan will provide the air velocities required when
fan is mounted as indicated shall be furnished. Air curtains designed as
fly fans shall be provided where indicated. Air curtains designed for use
in service entranceways shall develop an air curtain not [ess than 75 mm
thick at the discharge nozzle. The air velocity shall be not |ess than 8
ms across the entire entryway when nmeasured 900 mm above the floor

2.9.2 Air Filters
Air filters shall be listed according to requirenments of UL 900.
2.9.2.1 Repl aceable Media Filters

Repl aceable nedia filters shall be the dry-nmedi a vi scous adhesive type, of
the size required to suit the application. Filtering nmedia shall be not
less than 50 mm (2 inches) thick fibrous glass nmedia pad supported by a
structural wire grid or woven wire nesh. Pad shall be enclosed in a

hol ding frame of not less than 1.6 mm (16 gauge) gal vanized steel, and
equi pped wi th qui ck-openi ng nechani smfor changing filter media. The air
flow capacity of the filter shall be based on net filter face vel ocity not
exceeding 1.5 ms (300 feet per minute), wth initial resistance of 32 Pa
(0.13 inches water gauge). Average efficiency shall be not less than 30
percent when tested according to ASHRAE 52.1.

2.9.2.2 Hol di ng Frames

Frames shall be fabricated fromnot lighter than 1.6 mm (16 gauge) sheet
steel with rust-inhibitor coating. Each holding frame shall be equi pped
with suitable filter holding devices. Holding frame seats shall be
gasketed. All joints shall be airtight.

2.9.2.3 Filter Gauges

Filter gauges shall be dial type, diaphragm actuated draft and shall be
provided for all filter stations, including those filters which are
furnished as integral parts of factory fabricated air handling units.
Gauges shall be at least 98 mm (3-7/8 inches) in dianeter, shall have
white dials with black figures, and graduati ons and shall have a m ni mum
range of 0.25 kPa (1 inch of water) beyond the specified final resistance
for the filter bank on which each gauge is applied. Each gauge shal

i ncorporate a screw operated zero adjustnment and shall be furnished
conplete with two static pressure tips with integral conpression fittings,
two nol ded plastic vent valves, two 1.5 m (5 foot) mninumlengths of 6.35
mm (1/4 inch) dianeter alum numtubing, and all hardware and accessories
for gauge nounti ng.

2.10 FACTORY PAI NTI NG
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Units which are not of gal vani zed construction according to ASTM A 123/ A
123M or ASTM A 924/ A 924M shall be factory painted with a corrosion
resisting paint finish. Internal and external ferrous netal surfaces shal
be cl eaned, phosphatized and coated with a paint finish which has been
tested according to ASTM B 117, ASTM D 1654, and ASTM D 3359. Evi dence of
sati sfactory paint performance for a m ni mum of 125 hours for units to be
installed indoors and 500 hours for units to be installed outdoors shall be
submtted. Rating of failure at the scribe mark shall be not |ess than 6,
average creepage not greater than 3 mm Rating of the inscribed area shal
not be less than 10, no failure. On units constructed of gal vani zed stee
whi ch have been wel ded, exterior surfaces of welds or welds that have
burned through fromthe interior shall receive a final shop docket of
zinc-rich protective paint according to ASTM D 520 Type |

PART 3 EXECUTI ON

3.

1 | NSTALLATI ON

Work shall be installed as shown and according to the manufacturer's
di agranms and reconmendati ons.

1.1 Supports

1,11 Sei sm ¢ Requirenents

Equi pnrent shall be supported and braced to resist seismc |oads as

speci fied under Sections 13080 SElI SM C PROTECTI ON FOR M SCELLANEQUS

EQUI PIVENT. Material used for support shall be as specified under Section
05500 M SCELLANEQUS METALS

1.2 Fl exi bl e Connectors

Pre-insulated fl exible connectors and fl exi bl e duct shall be attached to
ot her conponents in accordance with the latest printed instructions of the
manuf acturer to ensure a vapor tight joint. Hangers, when required to
suspend the connectors, shall be of the type recommended by the connector
or duct manufacturer and shall be provided at the intervals recomended.

.1.3 Sl eeved and Franmed Openi ngs

Space between the sleeved or framed opening and the duct or the duct

i nsul ation shall be packed as specified in Section 07840 FlI RESTOPPI NG f or
fire rated penetrations. For non-fire rated penetrations, the space shal
be packed as specified in Section 07900 JO NT SEALI NG

.1.4 Met al Duct wor k

Installation shall be according to SMACNA HVAC Duct Const Stds unl ess
otherw se indicated. Duct supports for sheet netal ductwork shall be
according to SMACNA HVAC Duct Const Stds, unl ess otherw se specified.
Friction beam cl anps indicated i n SMACNA HVAC Duct Const Stds shall not be
used. Risers on high velocity ducts shall be anchored in the center of the
vertical run to allow ends of riser to nove due to thernmal expansion
Supports on the risers shall allow free vertical novenent of the duct.
Supports shall be attached only to structural fram ng nenbers and concrete
slabs. Supports shall not be anchored to netal decking unless a neans is
provi ded and approved for preventing the anchor from puncturing the netal
decki ng. Were supports are required between structural fram ng nenbers,
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suitable internediate netal fram ng shall be provided. Were Cclanps are
used, retainer clips shall be provided.

3.1.5 Dust Control

To prevent the accunul ation of dust, debris and foreign material during
construction, tenporary dust control protection shall be provided. The
di stribution system (supply and return) shall be protected with tenporary
seal -offs at all inlets and outlets at the end of each day's work.
Tenporary protection shall remain in place until systemis ready for
startup.

3.1.6 I nsul ati on

Thi ckness and application of insulation materials for ductwork, piping, and
equi prent shall be according to Section 15080 THERVAL | NSULATI ON FOR
MECHANI CAL SYSTEMS

3.1.7 Duct Test Hol es

Hol es with closures or threaded holes with plugs shall be provided in ducts
and pl enuns as indicated or where necessary for the use of pitot tube in
bal ancing the air system Extensions, conplete with cap or plug, shall be
provi ded where the ducts are insul ated

3.2 FI ELD PAI NTI NG AND COLOR CODE NMARKI NG

Fini sh painting of items only prined at the factory, surfaces not
specifically noted otherw se, and col or code marking for piping shall be as
specified in Section 09900 PAINTI NG GENERAL.

3.3 Pl PI NG HYDROSTATI C TEST

After cleaning, water piping shall be hydrostatically tested at a pressure
equal to 150 percent of the total system operating pressure for period of
time sufficient to inspect every joint in the systemand in no case |ess
than 2 hours. Leaks shall be repaired and piping retested until test is
successful. No |loss of pressure will be allowed. Leaks shall be repaired
by re-wel ding or replacing pipe or fittings. Caulking of joints will not
be permtted. Concealed and insulated piping shall be tested in place

bef ore covering or concealing.

3.4 DUCTWORK LEAK TEST

Ductwork | eak test shall be performed for the entire air distribution and
exhaust system including fans, coils, filters, etc. Test procedure,
apparatus, and report shall conformto SMACNA Leakage Test Mil. The

maxi mum al | owabl e | eakage rate is 25 1/s (50 cfm. Ductwork |eak test
shal |l be conpleted with satisfactory results prior to applying insulation
to ductwork exterior.

3.5 CLEANI NG AND ADJUSTI NG

Pi pes shall be cleaned free of scale and thoroughly flushed of foreign
matter. A tenporary bypass shall be provided for water coils to prevent
flushing water from passing through coils. Strainers and valves shall be

t horoughly cleaned. Prior to testing and bal ancing, air shall be renoved
fromwater systens by operating the air vents. Tenporary neasures, such as
pi ping the overflow fromvents to a collecting vessel shall be taken to
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avoi d water damage during the venting process. Air vents shall be plugged
or capped after the system has been vented. Inside of ducts, plenuns, and
casing shall be thoroughly cleaned of debris and bl own free of snal
particles of rubbish and dust and then shall be vacuum cl eaned before
installing outlet faces. Equipnent shall be w ped clean, with traces of
oil, dust, dirt, or paint spots renoved. Tenporary filters shall be
provided prior to startup of all fans that are operated during
construction, and new filters shall be installed after all construction
dirt has been renoved fromthe building, and the ducts, plenuns, casings,
and other itenms specified have been vacuum cl eaned. System shall be

mai ntained in this clean condition until final acceptance. Bearings shal
be properly lubricated with oil or grease as reconmended by the

manuf acturer. Belts shall be tightened to proper tension. Control valves
and ot her m scel | aneous equi prent requiring adjustnment shall be adjusted to
setting indicated or directed. Fans shall be adjusted to the speed

i ndi cated by the manufacturer to neet specified conditions.

3.6 TESTI NG, ADJUSTI NG AND BALANCI NG

Testing, adjusting, and bal ancing shall be as specified in Section 15990
TESTI NG, ADJUSTI NG AND BALANCI NG OF HVAC SYSTEMS. Testing, adjusting, and
bal anci ng shall begin only when the air supply and distribution, including
controls, has been conpleted, with the exception of performance tests.

3.7 PERFORMANCE TESTS

After testing, adjusting, and bal anci ng has been conpl eted as specified,
each systemshall be tested as a whole to see that all itens perform as
integral parts of the systemand tenperatures and conditions are evenly
control | ed throughout the building. Corrections and adjustnents shall be
made as necessary to produce the conditions indicated or specified.
Capacity tests and general operating tests shall be conducted by an

experi enced engineer. Tests shall cover a period of not |ess than 5 days
for each system and shall denonstrate that the entire systemis functioning
according to the specifications. Coincidental chart recordings shall be
made at points indicated on the drawings for the duration of the tine
period and shall record the tenperature at space thernostats or space
sensors, the humdity at space hum di stats or space sensors and the anbient
tenperature and humdity in a shaded and weat her protected area.

3.8 FI ELD TRAI NI NG

The Contractor shall conduct a training course for operating and

mai nt enance personnel as designated by the Contracting Oficer. Training
shall be provided for a period of 8 hours of normal working time and shal
start after the systemis functionally conplete but prior to the
performance tests. The field instruction shall cover all of the itens
contai ned in the approved Qperating and Mai ntenance I nstructions.

-- BEnd of Section --
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SECTI ON 15990

TESTI NG, ADJUSTI NG AND BALANCI NG OF HVAC SYSTEMS

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
designation only.

ASSCCI ATED Al R BALANCE COUNCI L ( AABC)
AABC MN-1 (1989) National Standards for Testing and
Bal anci ng Heating, Ventilating, and Air
Condi ti oni ng Systens

NATI ONAL ENVI RONVENTAL BALANCI NG BUREAU ( NEBB)

NEBB Procedural Stds (1991) Procedural Standards for Testing
Adj usti ng Bal anci ng of Environnental
Syst ens

.2 SUBM TTALS

CGovernment approval is required for submittals with a "G designation;
submttals not having a "G' designation are for information only. Wen
used, a designation following the "G' designation identifies the office
that will review the submttal for the Governnent. The follow ng shall be
submtted in accordance with Section 01330 SUBM TTAL PROCEDURES:
SD- 02 Shop Drawi ngs
TAB Schematic Drawi ngs and Report Forns

Three copies of the TAB Schemati c Draw ngs and Report Forms, no
later than 21 days prior to the start of TAB field nmeasurenents.

SD- 03 Product Data
TAB Rel ated HVAC Submittal s

A list of the TAB Related HVAC Submittals, no later than 7 days
after the approval of the TAB Specialist.

TAB Procedures, G ED.

Proposed procedures for TAB, submitted with the TAB Schematic
Drawi ngs and Report Forns.

Cali bration

Li st of each instrunment to be used during TAB, stating
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calibration requirenments required or recommended by both the TAB
Standard and the instrunent manufacturer and the actual
calibration history of the instrunent, submitted with the TAB
Procedures. The calibration history shall include dates
calibrated, the qualifications of the calibration |aboratory, and
the calibration procedures used.

Systens Readi ness Check

Proposed date and tine to begin the Systens Readi ness Check, no
later than 7 days prior to the start of the Systens Readi ness
Check.

TAB Execution, G ED.

Proposed date and tine to begin field nmeasurenments, naking
adjustnents, etc., for the TAB Report, submitted with the Systens
Readi ness Check Report.

TAB Verification, G ED.

Proposed date and tine to begin the TAB Verification, submtted
with the TAB Report.

SD-06 Test Reports
Desi gn Review Report, G ED.

A copy of the Design Review Report, no later than 14 days after
approval of the TAB Firm and the TAB Speci ali st.

Systens Readi ness Check, G ED.

A copy of conpleted checklists for each system each signed by
the TAB Specialist, at least 7 days prior to the start of TAB
Execution. Al itenms in the Systens Readi ness Check Report shall
be signed by the TAB Specialist and shall bear the seal of the
Prof essi onal Society or National Association used as the TAB
St andar d.

TAB Report, G ED.

Three copies of the conpleted TAB Reports, no later that 7 days
after the execution of TAB. Al itenms in the TAB Report shall be
signed by the TAB Specialist and shall bear the seal of the
Pr of essi onal Society or National Association used as the TAB
St andar d.

TAB Verification Report, G ED.

Three copies of the conpleted TAB Verification Report, no |ater
that 7 days after the execution of TAB Verification. Al itens in
the TAB Verification Report shall be signed by the TAB Speci ali st
and shall bear the seal of the Professional Society or National
Associ ation used as the TAB Standard.

SD-07 Certificates
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1

Ductwork Leak Testing

A witten statenment signed by the TAB Specialist certifying that
the TAB Specialist witnessed the Ductwork Leak Testing, it was
successfully conpleted, and that there are no known deficiencies
related to the ductwork installation that will prevent TAB from
produci ng satisfactory results.

TAB Firm G ED.

Certification of the proposed TAB Firm s qualifications by
ei ther AABC or NEBB to performthe duties specified herein and in
other related Sections, no later than 21 days after the Notice to
Proceed. The docunentation shall include the date that the
Certification was initially granted and the date that the current
Certification expires. Any lapses in Certification of the
proposed TAB Firm or disciplinary action taken by AABC or NEBB
agai nst the proposed TAB Firm shall be described in detail.

TAB Speci alist, G ED.

Certification of the proposed TAB Specialist's qualifications by
ei ther AABC or NEBB to performthe duties specified herein and in
other related Sections, no later than 21 days after the Notice to
Proceed. The docunentation shall include the date that the
Certification was initially granted and the date that the current
Certification expires. Any lapses in Certification of the
proposed TAB Speci alist or disciplinary action taken by AABC or
NEBB agai nst the proposed TAB Specialist shall be described in
detail .

3 SI'M LAR TERVS

In sone instances, term nol ogy differs between the Contract and the TAB
Standard primarily because the intent of this Section is to use the

i ndustry standards specified, along with additional requirements |isted
herein to produce optimal results. The following table of simlar terns is
provided for clarification only. Contract requirenments take precedent over
t he correspondi ng AABC or NEBB requirenents where differences exist.

SI'M LAR TERMS

Contract Term AABC Term NEBB Term

TAB St andard Nati onal Standards for Procedural Standards
Testing and Bal anci ng for Testing Adjusting
Heating, Ventilating, and Bal anci ng of
Air Conditioning Systens Envi ronnent a

Syst ens.

TAB Speci al i st TAB Engi neer TAB Super vi sor

Systens Readi ness Construction Phase | nspection Fi el d Readi ness

Check Check & Prelimnary

1

Fi el d Procedures.
4 TAB STANDARD

TAB shall be perforned in accordance with the requirenents of the standard
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under which the TAB Firmis qualifications are approved, i.e., AABC WM\ lor
NEBB Procedural Stds, unless otherwi se specified herein. All
recomendat i ons and suggested practices contained in the TAB Standard shal
be consi dered mandatory. The provisions of the TAB Standard, including
checklists, report forns, etc., shall, as nearly as practical, be used to
satisfy the Contract requirements. The TAB Standard shall be used for al
aspects of TAB, including qualifications for the TAB Firm and Speci al i st
and calibration of TAB instrunments. Were the instrunment nanufacturer
calibration recommendati ons are nore stringent than those listed in the TAB
Standard, the nmanufacturer's recomendati ons shall be adhered to. Al

qual ity assurance provi sions of the TAB Standard such as performance
guarantees shall be part of this contract. For systems or system
conponents not covered in the TAB Standard, TAB procedures shall be

devel oped by the TAB Specialist. Were new procedures, requirenents, etc.
applicable to the Contract requirements have been published or adopted by
t he body responsible for the TAB Standard used (AABC or NEBB), the

requi renents and recomendati ons contained in these procedures and

requi renents shall be considered mandatory.

1.5 QUALI FI CATI ONS
1.5.1 TAB Fi rm

The TAB Firm shall be either a nmenber of AABC or certified by the NEBB and
certified in all categories and functions where nmeasurenments or perfornmance
are specified on the plans and specifications, including TAB of

envi ronnental systens. The certification shall be maintained for the
entire duration of duties specified herein. [If, for any reason, the firm

| oses subject certification during this period, the Contractor shal

i mediately notify the Contracting O ficer and submt another TAB Firmfor
approval. Any firmthat has been the subject of disciplinary action by
either the AABC or the NEBB within the five years preceding Contract Award
shall not be eligible to performany duties related to the HVAC systens,
including TAB. Al work specified in this Section and in other rel ated
Sections to be performed by the TAB Firmshall be considered invalid if the
TAB Firmloses its certification prior to Contract conpletion and nust be
performed by an approved successor. These TAB services are to assist the
prime Contractor in performng the quality oversight for which it is
responsi ble. The TAB Firmshall be a subcontractor of the prine
Contractor, and shall report to and be paid by the prine Contractor

1.5.2 TAB Speci al i st

The TAB Speci alist shall be either a nenmber of AABC or an experienced
technician of the Firmcertified by the NEBB. The certification shall be

mai ntai ned for the entire duration of duties specified herein. [If, for any
reason, the Specialist |oses subject certification during this period, the
Contractor shall imrediately notify the Contracting Oficer and submt

anot her TAB Specialist for approval. Any individual that has been the
subj ect of disciplinary action by either the AABC or the NEBB within the
five years preceding Contract Award shall not be eligible to perform any
duties related to the HVAC systens, including TAB. Al work specified in
this Section and in other related Sections perfornmed by the TAB Speci al i st
shall be considered invalid if the TAB Specialist loses its certification
prior to Contract conpletion and nust be performed by the approved
successor.

1.6 TAB SPECI ALI ST RESPONSI BI LI Tl ES
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Al TAB work specified herein and in related sections shall be perforned
under the direct guidance of the TAB Specialist. The TAB Specialist shal
participate in the comm ssioning process specified in Section 15995

COW SSI ONI NG OF HVAC SYSTEMS.

PART 2 PRODUCTS (Not Appl i cabl e)
PART 3  EXECUTI ON
3.1 DESIGN REVI EW

The TAB Speci alist shall review the Contract Plans and Specifications and
advi se the Contracting Oficer of any deficiencies that would prevent the
HVAC systens fromeffectively operating in accordance with the sequence of
operation specified or prevent the effective and accurate TAB of the
system The TAB Specialist shall provide a Design Review Report
individually listing each deficiency and the correspondi ng proposed
corrective action necessary for proper system operation

3.2 TAB RELATED HVAC SUBM TTALS

The TAB Specialist shall prepare a list of the submttals fromthe Contract
Submittal Register that relate to the successful acconplishnent of all HVAC
TAB. The submittals identified on this list shall be acconpanied by a
letter of approval signed and dated by the TAB Specialist when submitted to
the Government. The TAB Specialist shall also ensure that the |ocation and
details of ports, term nals, connections, etc., necessary to perform TAB
are identified on the submttals.

3.3 TAB SCHENMATI C DRAW NGS AND REPORT FORVB

A schematic draw ng showi ng each system conponent, i ncluding bal anci ng

devi ces, shall be provided for each system Each draw ng shall be
acconpani ed by a copy of all report forms required by the TAB Standard used
for that system \here applicable, the acceptable range of operation or
appropriate setting for each component shall be included on the forns or as
an attachnent to the forms. The schematic drawi ngs shall identify al
testing points and cross reference these points to the report fornms and

pr ocedures.

3.4 DUCTWORK LEAK TESTI NG

The TAB Specialist shall witness the Ductwork Leak Testing specified in
Section 15895 Al R SUPPLY, DI STRI BUTI ON, VENTILATI ON, AND EXHAUST SYSTEM and
approve the results as specified in Paragraph TAB RELATED HVAC SUBM TTALS.

3.5 TESTI NG ADJUSTI NG AND BALANCI NG
3.5.1 TAB Pr ocedur es

Step by step procedures for each neasurenent required during TAB Execution
shal |l be provided. The procedures shall be oriented such that there is a
separate section for each system The procedures shall include neasures to
ensure that each systemperforns as specified in all operating nodes,
interactions with other conponents (such as exhaust fans, kitchen hoods,
fume hoods, relief vents, etc.) and systens, and with all seasona

operating differences, diversity, simulated | oads, and pressure

rel ati onshi ps required.
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3.

5.2 Systens Readi ness Check

The TAB Speci alist shall inspect each systemto ensure that it is conplete,
including installation and operation of controls, and that all aspects of
the facility that have any bearing on the HVAC systens, including
installation of ceilings, walls, w ndows, doors, and partitions, are
conplete to the extent that TAB results will not be affected by any det ai
or touch-up work remaining. The TAB Specialist shall also verify that al
items such as ductwork and piping ports, term nals, connections, etc.
necessary to perform TAB shall be conplete during the Systens Readi ness
Check.

.5.3 Preparati on of TAB Report

Preparati on of the TAB Report shall begin only when the Systens Readi ness
Report has been approved. The Report shall be oriented so that there is a
separate section for each system The Report shall include a copy of the
appropriate approved Schematic Drawi ngs and TAB Rel ated Submittals, such as
punp curves, fan curves, etc., along with the conpleted report forms for
each system The operating points neasured during successful TAB Execution
and the theoretical operating points listed in the approved submttals
shal |l be marked on the performance curves and tables. Were possible,

adj ustments shall be made using an "industry standard" techni que which
woul d result in the greatest energy savings, such as adjusting the speed of
a fan instead of throttling the flow Any deficiencies outside of the
real m of normal adjustnments and bal anci ng duri ng TAB Execution shall be
noted along with a description of corrective action perfornmed to bring the

measurenent into the specified range. |If, for any reason, the TAB
Speci al i st determ nes during TAB Execution that any Contract requirenent
cannot be met, the TAB Specialist shall imediately provide a witten

description of the deficiency and the correspondi ng proposed corrective
action necessary for proper systemoperation to the Contracting Oficer

.5.4 TAB Verification

The TAB Speci alist shall recheck ten percent of the nmeasurenents listed in
the Tab Report and prepare a TAB Verification Report. The neasurenents
selected for verification and the individuals that witness the verification
will be selected by the Contracting Oficer's Representative (COR). The
measurenents will be recorded in the sane manner as required for the TAB
Report. Al neasurenents that fall outside the acceptable operating range
speci fied shall be acconpanied by an explanation as to why the neasurenent
does not correlate with that listed in the TAB Report and a description of
corrective action performed to bring the neasurenent into the specified
range. The TAB Specialist shall update the original TAB report to reflect
any changes or differences noted in the TAB verification report and submt
the updated TAB report. |If over 20 percent of the neasurenents sel ected by
the COR for verification fall outside of the acceptable operating range
specified, the CORw Il select an additional ten percent for verification
If over 20 percent of the total tested (including both test groups) fal
out si de of the acceptable range, the TAB Report shall be considered invalid
and all contract TAB work shall be repeated beginning with the Systens
Readi ness Check.

.5.5 Mar ki ng of Setting

Fol | owi ng approval of TAB Verification Report, the setting of all HVAC
adj ust ment devi ces including valves, splitters, and danpers shall be
permanently marked by the TAB Specialist so that adjustnment can be restored
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3.

if disturbed at any tine.
5.6 Identification of Test Ports

The TAB Specialist shall permanently and legibly identify the |ocation
poi nts of duct test ports. |If the ductwork has exterior insulation, the
identification shall be nade on the exterior side of the insulation. A
penetrations through ductwork and ductwork insulation shall be sealed to
prevent air |eakage or to maintain integrity of vapor barrier

-- BEnd of Section --
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SECTI ON 15995

COW SSI ONI NG OF MECHANI CAL SYSTEMS

PART 1 GENERAL

1.

1.

1 SUBM TTALS

CGovernment approval is required for submittals with a "G designation;
submttals not having a "G' designation are for information only. Wen
used, a designation following the "G' designation identifies the office
that will review the submttal for the Governnent. The follow ng shall be
subm tted in accordance with Section 01330 SUBM TTAL PROCEDURES:

SD- 03 Product Data
Conmi ssi oni ng Team

Li st of team nmenbers who will represent the Contractor in the
pre-comm ssi oni ng checks and functional performance testing, at
| east 2 weeks prior to the start of pre-comm ssioning checks.
Proposed revision to the list, prior to the start of the inpacted
wor K.

Test Procedures

Det ai |l ed procedures for pre-com ssioning checks and functiona
performance tests, at |least 4 weeks prior to the start of
pre- conm ssi oni hg checks.

Test Schedul e, G ED.

Schedul e for pre-comn ssioning checks and functional perfornmance
tests, at least 2 weeks prior to the start of pre-com ssioning
checks.

SD-06 Test Reports
Test Reports, G ED.

Conpl et ed pre-conmm ssioning checklists and functiona
performance test checklists organized by system and by subsystem
and subnmitted as one package. The results of failed tests shal
be included along with a description of the corrective action
t aken.

2 SEQUENCI NG AND SCHEDULI NG

The work described in this Section shall begin only after all work required
in related Sections, including Section 15951DI RECT DI G TAL FOR HVAC AND
REFRI GERATI ON SYSTEM and Section 15990 TESTI NG ADJUSTI NG AND BALANCI NG OF
HVAC SYSTEMS, has been successfully conpleted, and all test and inspection
reports and operation and mai ntenance manual s required in these Sections
have been subnitted and approved. Seismc details shall be in accordance
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with Sections 13080 SEI SM C PROTECTI ON FOR M SCELLANEQUS EQUI PMENT and 15070
SElI SM C PROTECTI ON FOR MECHANI CAL EQUI PMENT

PART 2 PRODUCTS (Not Applicable)

PART 3 EXECUTI ON

3.

1 COW SSI ONI NG TEAM AND CHECKLI STS

The Contractor shall designate team nenbers to participate in the

pre- comm ssi oni ng checks and the functional performance testing specified
herein. In addition, the Government will be represented by a
representative of the Contracting Oficer, the Design Agent's
Representative, and the Using Agency. The team nenbers shall be as foll ows:

Desi gnhati on Functi on

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing, Adjusting, and Bal anci ng
Representative

Contractor's Controls Representative

Desi gn Agent's Representative

Contracting O ficer's Representative

Usi ng Agency's Representative

cCOOnO —AmZ0

Each checkli st shown in appendices A and B shall be conpleted by the
conmi ssi oning team Acceptance by each comm ssioni ng team nenber of each
pre-comm ssi oni ng checklist itemshall be indicated by initials and date
unless an "X" is shown indicating that participation by that individual is
not required. Acceptance by each conm ssioning team nenber of each
functional performance test checklist shall be indicated by signature and
dat e.

.2 TESTS

The pre-comm ssioni ng checks and functional performance tests shall be
performed in a manner which essentially duplicates the checking, testing,
and inspection nmethods established in the related Sections. \Where
checki ng, testing, and inspection nmethods are not specified in other
Sections, nethods shall be established which will provide the information
required. Testing and verification required by this section shall be
performed during the Conm ssioning phase. Requirenments in related Sections
are independent fromthe requirenments of this Section and shall not be used
to satisfy any of the requirenents specified in this Section. The
Contractor shall provide all materials, services, and | abor required to
performthe pre-conm ssioning checks and functional performance tests. A
pre-comm ssi oni ng check or functional performance test shall be aborted if
any system deficiency prevents the successful conpletion of the test or if
any participating non- Gover nment conmi ssi oni ng team nmenber of which
participation is specified is not present for the test. The Contractor
shal | reinburse the GCovernnent for all costs associated with effort | ost
due to tests that are aborted. These costs shall include salary, travel
costs and per diem (where applicable) for Governnent comm ssioning team
nmenbers.
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3.

2.1 Pr e- Comm ssi oni ng Checks

Pre- comm ssi oni ng checks shall be performed for the itens indicated on the
checklists in Appendix A Deficiencies discovered during these checks
shall be corrected and retested in accordance with the applicable contract
requi renents.

.2.2 Functi onal Performance Tests

Functional performance tests shall be perforned for the itens indicated on
the checklists in Appendix B. Functional performance tests shall begin
only after all pre-comm ssioning checks have been successfully conpl et ed.
Tests shall prove all nodes of the sequences of operation, and shall verify
all other relevant contract requirenents. Tests shall begin with equi prent
or components and shall progress through subsystens to conpl ete systens.
Upon failure of any functional performance test checklist item the
Contractor shall correct all deficiencies in accordance with the applicable
contract requirenments. The checklist shall then be repeated until it has
been conpleted with no errors.
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APPENDI X A
PRE- COW SSI ONI NG CHECKLI STS
Pl PI NG
For Refrigerant Piping System
Checklist Item Q M E T C D O U

Install ation

a. Piping conplete. XX
b. As-built shop drawi ngs submtted. XX
c. Piping flushed and cl eaned. XX
d. Strainers cl eaned. XX
e. Valves installed as required. XX
f. Piping insulated as required. XX
g. Thernoneters and gauges installed as

required. X X __
h. Verify operation of valves. X
i. Air vents installed as specified. D G G G
j. Flexible connectors installed as specified X X X _
k. Verify that piping has been | abel ed and

val ves identified as specified. - X
Testing, Adjusting, and Bal anci ng ( TAB)
a. Hydrostatic test conplete. XX
b. TAB operation conplete. X
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APPENDI X A
PRE- COMM SSI ONI NG CHECKLI STS
DUCTWORK
For Air Conditioning Unit ACU1 and 2, EF-1, 2, 3, 4, and 5, SF-1
Checklist Item Q M E T C D O U
Instal | ation
a. Ductwork conplete. X X L
b. As-built shop drawi ngs submtted. XX
c. Ductwork |eak test conplete. XX
NOTE: The first bracketed itemd will be used for Arny projects, the

second for Air Force projects.
d. Ductwork insulated as required. X

e. Flexible connectors installed as specified__ X

Testing, Adjusting, and Bal anci ng ( TAB)

a. TAB operation conplete. X
b. TAB results within +10%/ -0%of L/S X
c. Construction Filters Repl aced X
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APPENDI X A
PRE- COMM SSI ONI NG CHECKLI STS

PUMPS
For Punp: P-1 AND P-2

Checklist Item Q M E T C D O U

Install ation

a. Punps grouted in place. D G G G
b. Punp vibration isolation devices

functional . D G G G
c. Punmp/notor coupling alignnment verified X X X
d. Piping systeminstalled. X X x
e. Piping system pressure tested. D G G G
f. Punp not | eaking. D G G G
g. Field assenbled couplings aligned to

meet manufacturer's prescribed tol erances. x x x
El ectri cal
a. Power available to punp di sconnect. XX
b. Punp rotation verified. XX
c. Control systeminterlocks functional. X
d. Verify that power disconnect is |ocated

within sight of the unit it controls. X
Testing, Adjusting, and Bal anci ng ( TAB)
a. Pressure/tenperature gauges installed. XX
b. Piping system cl eaned. D G G G
c. Gycol water treatnent conplete. D G G G
d. Water bal ance conpl ete. XX
e. Water bal ance with design maximuumflow. X X
f. TAB Report submtted. XX
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PACKAGED REFRI GERATI ON SYSTEM COMPRESSCOR RACKS

For:

APPENDI X A
PRE- COMM SSI ONI NG CHECKLI STS

CR-A and CR-B

Checklist Item

PN50846

Install ation

a. Conpressor Rack properly piped.

b. Refrigerant pipes |eak tested.

c. Verify that refrigerant used conplies
wi th specified requirenents.

d. Any damage to unit has been repaired

e. Manufacturer's required maintenance
cl earance provi ded.

f. Purge piping installed

g. Refrigerant nmonitoring system
oper ati onal

h. Sel f-Contained breathing appar at us.

i. Signage provided.

El ectri cal

a. Power available to unit disconnect.

b. Power available to unit control panel

c. Verify that power disconnect is |ocated
within sight of the unit it controls.

Control s

a. Factory startup and checkout conplete.

b. Conpressor Rack safety/protection

devi ces tested
c. Conpressor Rack Controller tested.
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APPENDI X A
PRE- COMM SSI ONI NG CHECKLI STS

HYDRONI C SYSTEM HEATER
For Heater: EHH 1

Checklist Item Q M E T C D O U

Install ation

a. Heater dycol piping installed. X X X
b. Heater glycol piping tested. X X
c. Thernostatic m xing val ve tested. X X X

d. Manufacturer's required maintenance

cl earance provi ded. - X
Startup
a. Heater systemcleaned and filled with

gl ycol solution X
b. Heater safety/protection devices, tested. X

c. Verify that PRV rating conformto

heater rating X
d. dycol piping systemfunctional. X X
e. Heater startup and checkout conpl ete. X X
f. Heater efficiency denonstrated. XX
El ectri cal
a. Verify that power disconnect is |ocated
within sight of the unit served. X
Control s
a. Gycol pump interlock installed. . X
b. dycol punp interlock tested. D
c. Gycol heating system bal anced. X X
d. dycol heating controls operational. X X
e. AHU1 Installed X X

f  AHU- 1 Tested. X
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APPENDI X A
PRE- COMM SSI ONI NG CHECKLI STS

REFRI GERATI ON SYSTEM UNI T COOLER
For Unit Cooler: UC 1 Through UC 10

Checklist Item Q M E T C D O U

Install ation

a. Refrigerant piping properly connected. X

b. Condensate piping properly
connect ed. X X X

c. Refrigerant piping pressure tested. X

d. Condensate piping pressure

t est ed. X X x
e. Heat tracing tested. - XX
f. Any danmage to coil fins has been repaired. X X
g. Manufacturer's required maintenance/

operational clearance provided. D G G G
El ectri cal
a. Power available to unit disconnect. X
b. Proper notor rotation verified. XX

c. Verify that power disconnect is |ocated

within sight of the unit it controls. X
d. Power available to electric defrost X
Control s
a. Control valves properly install ed. X
b. Control val ves operable. X X

c. Verify proper location and installation of
t her nost at . X

Testing, Adjusting, and Bal anci ng ( TAB)

a. TAB Report submtted. X X

SECTI ON 15995 Page 10
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS

APPENDI X A
PRE- COMM SSI ONI NG CHECKLI STS

VENTI LATI ON SYSTEM
For Supply and Exhaust Fans: EF-1, 2, 3, 4, 5 and SF-1

Checklist Item Q M E T

PN50846

Install ation

a. Fan belt adjusted. X
b. Vibration isolators installed X X
c. Seismic Restraints installed X X
El ectri cal

a. Power available to fan disconnect. X

b. Proper notor rotation verified.

c. Verify that power disconnect is |ocated

within sight of the unit it controls. X
Control s
a. Control interlocks properly installed. D
b. Control interlocks operable. X

c. Verify proper location and installation of
t her nost at . X

Testing, Adjusting, and Bal anci ng ( TAB)

a. TAB results +10%-0%to L/s
shown on draw ngs X

b. TAB Report submtted. X
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS

APPENDI X A
PRE- COMM SSI ONI NG CHECKLI STS

HVAC SYSTEM
Pre- comm ssi oni ng Checklist - HVAC System Control s

For HVAC System

Checklist Item Q M E

PN50846

Install ation

a. As-built shop drawi ngs subm tted. X

b. Layout of control panel nmatches draw ngs. X

c. Franmed instructions nounted in or near
control panel. X

d. Conponents properly |labeled (on inside and
out si de of panel). X

e. Control conponents piped and/or wired to
each | abeled termnal strip. X

f. EMCS connection nade to each | abel ed
termnal strip as shown. X

g. Control wiring and tubing | abeled at all
term nations, splices, and junctions. X

h. Shielded wiring used on electronic sensors. X

Mai n Power and Control Air
a. 110 volt AC power available to panel.

b. 138 kPa gauge (20 psig)
conpressed air available to panel. X

Testing, Conm ssioning, and Bal anci ng

a. Testing, Comm ssioning, and Bal anci ng
Report subm tted. X

SECTI ON 15995 Page 12
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

APPENDI X A
PRE- COMM SSI ONI NG CHECKLI STS

HYDRONI C SYSTEM Al R HANDLI NG UNI T
For Air Handling Unit: AHU1

Checklist Item Q M E T C D O U

Install ation

a. Vibration isolation devices install ed. . X X X
b. Inspection and access doors are operable
and seal ed. . X X
c. Casing undamaged. - X X X
d. Insulation undamaged. - X X X
e. Condensate drai nage is unobstructed. - X X X
f. Fan belt adjusted. - X X
g. Any damage to coil fins has been repaired. __ X X
h. Manufacturer's required nmai ntenance
cl earance provi ded. - X X X
i. Seismc restraints installed . X X X
El ectri cal
a. Power available to unit disconnect. . X X
b. Power available to unit control panel. - X
c. Proper notor rotation verified. X
d. Verify that power disconnect is |ocated
within sight of the unit it controls. X
e. Power available to electric heating coil. __ X
Coils
a. Gycol solution piping
properly connect ed. X
b. Condensate piping properly
connect ed. X X X
c. Qycol piping pressure tested. X X
d. Condensate piping pressure
tested. X X X
e. Ar vents installed on water coils
as specified. X X X
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846
APPENDI X A
PRE- COMM SSI ONI NG CHECKLI STS

HYDRONI C SYSTEM Al R HANDLI NG UNI T
For Air Handling Unit: AHU1

Checklist Item Q M E T C D O U
f. Any danmage to coil fins has been repaired. X X
Control s

a. Control valves/actuators properly
i nstall ed. X

b. Verify proper location and installation
of thernostat. X

Testing, Adjusting, and Bal anci ng ( TAB)

a. Construction filters renmoved and repl aced. X X

b. TAB results +10%-0% L/s
shown on draw ngs. X X

c. TAB Report submtted. X X
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

APPENDI X A
PRE- COW SSI ONI NG CHECKLI STS
Pl PI NG
For Hydronic Piping System
Checklist Item Q M E T C D O U

Install ation

a. Piping conplete. XX
b. As-built shop drawi ngs submtted. XX
c. Piping flushed and cl eaned. XX
d. Strainers cl eaned. XX
e. Valves installed as required. XX
f. Piping insulated as required. XX
g. Thernoneters and gauges installed as

required. XX
h. Verify operation of valves. X
i. Air vents installed as specified. D G G G
j. Flexible connectors installed as specified X X X _
k. Verify that piping has been | abel ed and

val ves identified as specified. X
Testing, Adjusting, and Bal anci ng ( TAB)
a. Hydrostatic test conplete. XX
b. TAB operation conplete. X
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

APPENDI X A
PRE- COMM SSI ONI NG CHECKLI STS

Pl PI NG
For Ice Production Piping System

Checklist Item Q M E T C D O U

Install ation

a. Piping conplete. XX
b. As-built shop drawi ngs submtted. XX
c. Piping flushed and cl eaned. XX
d. Strainers cl eaned. XX
e. Valves installed as required. XX
f. Piping insulated as required. XX
g. Thernoneters and gauges installed as

required. XX
h. Verify operation of valves. X
i. Air vents installed as specified. D G G G
j. Flexible connectors installed as specified X X X _
k. Verify that piping has been | abel ed and

val ves identified as specified. X
Testing, Adjusting, and Bal anci ng ( TAB)
a. Hydrostatic test conplete. XX
b. TAB operation conplete. X
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS

APPENDI X A
PRE- COMM SSI ONI NG CHECKLI STS

ELECTRI CAL WATER HEATER
For Heater: EVWH 1

Checklist Item Q M E

PN50846

Install ation

a. Water piping installed. X
b. Water piping tested. X
c. Pipe Insulation installed. X

d. Manufacturer's required

mai nt enance cl earance provi ded. X
e. T& relief installed properly X
f. Piping connections at conpressor rack

installed properly. X
g. Thernostatic m xing val ve

tenperature set. X
Start-up

a. Heating systemcleaned and filled with
wat er . X

b. Heater safety/protection devices tested.

c. Water piping systemfunctional. X
d. Heater start-up & checkout conplete. X
e. Heater efficiency denonstrated. X
f. Thernostatic m xing val ve

tenperature set. X

El ectri cal

a. Verify that power disconnect is |ocated
within sight of unit served.

Controls

a. Conpressor rack heat recovery
system operational .

SECTI ON 15995 Page 17
( Am 0002)




COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

APPENDI X A
PRE- COMM SSI ONI NG CHECKLI STS

CONDENSATE Pl PE HEAT TRACI NG
For Condensate Pipe: Heat Tracing

Checklist Item Q M E T C D O U

Install ation

a. Heat trace installed properly. X

b. Junction boxes installed properly X

c. Pipeinsulation installed X X x
El ectri cal

a. Power available to system X

b. Verify that power disconnect is |ocated
wi thin sight of junction box. X

Controls

a. Heat trace tested for proper operation.
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

APPENDI X A
PRE- COMM SSI ONI NG CHECKLI STS

Al R COOLED CONDENSER
For: ACC-1 and ACC 2

Checklist Item Q M E T C D O U

Install ation

a. Refrigerant |leak test conpleted D G G G
b. Check for casing danage. D G G G
c. Refrigerant charge conpl eted. X X x
d. Vibration isolation install ed. D G G G
e. Check coils for danage. X X x
f. Manufacturer's required mai ntenance/

operational clearance provided. D G G G
El ectri cal
a. Power available to unit disconnect. XX
b. Power available to unit control panel. X
c. Verify that power disconnect is |ocated

within sight of the unit. X
d. Power available notor/fan rotation. X
Control s
a. Unit safety/protection devices tested. X X
b. Control systemand interl ocks

i nstall ed. X X
c. Control systemand interl ocks

operational . X X
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS

APPENDI X A
PRE- COMM SSI ONI NG CHECKLI STS

| CE MAKER
For lce naker: IMand 1 and 2

Checklist Item Q M E

PN50846

Install ation

a. Unit casing undanaged.

b. Unit checked for refrigerant |eaks.

c. Check nmotor for proper rotation

d. Operational clearance provided.

e. |lce maker properly attached to
i ce dispenser.

f. lce bagger properly installed.

g. Check coin operated ice dispenser

for proper operation.

h. Mdke up water systemtested for |eaks

i. Newwater filters installed.

j. Pipe lines and unit disinfected.

El ectri cal

a. Power available to unit disconnect.

b. Unit control system operational

c. Verify that power disconnect is |ocated
wi thin sight.

Testi ng

a. Proper ice size.

b. Proper coin dispenser operation

c. Proper bagger operation
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS

APPENDI X A
PRE- COMM SSI ONI NG CHECKLI STS

REFRI GERATI ON ALARM MONI TORI NG AND LOW OXYGEN SENSCOR SYSTEM CONTROL
For:

Checklist Item Q M E T C D

PN50846

Install ation

a. Al control devices are in place
operabl e, calibrated, and conmuni cati ng
with | ocal control panels and operator
interface term nal |a(CRT) X

b. Test and verify power supplies, wring,
| ow vol tage transforners all owabl e vol tage
drops and rel ated interl ocks are
avai | abl e and neet specifications.
Continuity had been checked. X

c. Verify that control software prograns
have been | oaded, edited and
operation. X

d. Controlled devices, nmechanical equipnent,
actuators, and sensors are conpl ete and
oper abl e. X

e. Interrupt building power supply for 30
m nutes, re-energize, verify software
packages and progranmm ng renai ned intact
and operable after interruption. X
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

APPENDI X A
PRE- COMM SSI ONI NG CHECKLI STS

AR CONDI TIONING UNI' T
For: Vertical Self-Contained AAC - ACU 1 and ACU 2

Checklist Item Q M E T C D O U

Instal | ation
a. Unit properly supported. X X X

b. Check unit for refrigerant |eak

and proper charge. X X __
c. Access doors are operable and seal ed. XX
d. Roof penthoused installed unobstructed. X X
e. Casing undamaged. X X x
f. Insulation undanaged. X X x
g. Vibration isolation devices installed. D G G G
h. Condensate drainage is unobstructed and

routed to floor drain. D G G G
i. Fan belt adjusted. X X
j. Manufacturer's required nmai ntenance

operational clearance provided. D G G G
El ectri cal
a. Power available to unit disconnect. XX
b. Proper notor rotation verified. x
c. Proper notor rotation verified. x
d. Verify that power disconnect is |ocated

within sight of the unit it controls. X
e. Power available to reheat coils. x
Coi I s Condenser
a. Any damage to coil fins have been

repaired X
b. Refrigerant piping properly connected. X X x _
c. Check condenser fan for proper

rotation. X X x
d. Refrigerant piping pressure tested. X X x _
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846
APPENDI X A
PRE- COMM SSI ONI NG CHECKLI STS

AR CONDI TIONI NG UNI' T
For: Vertical Self-Contained /AC - ACU 1 and ACU 2

Checklist Item Q M E T C D O U

Controls

a. Unit control system operable and
verified. X

b. Verify proper location and installation of
t her nost at . X

Testing, Adjusting, and Bal anci ng ( TAB)
a. Construction filters renoved and repl aced. __ X X

b. TAB results +10%-0% L/s
shown on draw ngs. X X

c. TAB results for outside within
+10% - 0% L/ s
shown on draw ngs. X X

d. TAB Report submtted. X X
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

APPENDI X B
FUNCTI ONAL PERFORVANCE TESTS CHECKLI STS

PUMPS
For Punp: P-1 and P-2

Prior to performing this checklist, ensure that for closed | oop systens,
systemis pressurized and the make-up gylcol systemis operational. Perform
test for P-1 then P-2.

1. Activate punp start using control system comrands (all possible
conbi nation, on/auto, etc.). N AUTO

a. Verify pressure drop across strainer

Strainer inlet pressure kPa ( psi g)
Strainer outlet pressure kPa ( psi g)

b. Verify punp inlet/outlet pressure reading, conpare to Testing,
Adj usting, and Bal ancing (TAB) Report, punp design conditions, and punp
manuf acturer's performance.

DESI GN TAB ACTUAL
Punp inlet pressure (kPa gauge)
Punp outl et pressure (kPa gauge)

c. Operate punp at shutoff and at 100 percent of designed flow when
all conmponents are in full flow Plot test readings on punp curve and
conpare results agai nst readings taken from fl ow nmeasuring devi ces.

SHUTOFF 100 percent
Punp inlet pressure (kPa gauge)
Punp outl et pressure
Punp flow rate (L/s)

d. Operate punp at shutoff and at mnimumflow or when all conponents
are in full by-pass. Plot test readings on punp curve and conpare results
agai nst readings taken from fl ow neasuri ng devi ces.

SHUTOFF 100 percent
Punp inlet pressure (kPa gauge)
Punp outl et pressure
Punp flow rate (L/s)

2. Verify notor anperage each phase and voltage phase to phase and
phase to ground for both the full flow and the m nimum fl ow conditi ons.

a. Full flow

PHASE 1 PHASE 2 PHASE 3
Anper age
Vol t age
Vol t age
Vol t age to ground
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

APPENDI X B
FUNCTI ONAL PERFORVANCE TESTS CHECKLI STS

PUMPS
For Punp: P-1 and P-2
b. M ninmmflow

PHASE 1 PHASE 2 PHASE 3

Anper age
Vol t age
Vol t age
Vol t age to ground

3. Unusual vibration, noise, etc.

4. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has nmet the performance
requirenents in this section of the specifications.

Si gnature and Date

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing, Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contracting O ficer's Representative

Usi ng Agency's Representative
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

APPENDI X B
FUNCTI ONAL PERFORVANCE TESTS CHECKLI STS

CENTRI FUGAL CHI LLER
For Conpressor Rack CR-A and CR-B

1. Functional Performance Test: Contractor shall denonstrate operation of
conpressor racks as per specifications including the follow ng: Start unit
cooler to provide | oad for the conpressor racks. Activate controls system
start sequence as follows.

a. Control system energizes conpressor rack start sequence.

b. Conpressor rack senses saturated suction tenperature above set point,
control system activate start.

C. Verify air cool ed condenser controls function, refer to checklist.

d. Conpressor rack load to be calculated by controls system Coll ect
| og of |oad inposed

e. Shut-of f some of the unit coolers to renove | oad on the conpressor rack
system
f. Verify conpressor unloadi ng sequence after load is renoved

2. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has nmet the performance
requirenents in this section of the specifications.

Si gnature and Date

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing , Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contractor's Oficer's Representative

Usi ng Agency's Representative
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

APPENDI X B
FUNCTI ONAL PERFORVANCE TESTS CHECKLI STS

UNI' T COOLERS
For Unit Cooler: UC 1 through UC 10

1. Functional Performance Test: Contractor shall adjust operation of the
unit coolers at start-up to |lower the tenperature in each cold storage room
evenly over a 24 hour period to reduce thernal stress. The cold storage
spaces shall remain at their specified design tenperature once the coolers
are started-up. Denonstrate operation of each unit cool er as per
specifications including the foll ow ng:

a. Check unit cool er response to sensor call for cooling. Ensure that the
refrigerant sol enoid val ve operates properly to maintain the space at
the design tenperature. Adjust set points to ensure that the unit
coolers in each space are staged properly to avoid short cycling of the
units. Check and operate back-up unit coolers.

b. Verify anperage, voltage at each fan notor.
C. Check bl ower fan cfm
d. Verify and adjust proper operation of the defrost controls, evaporator

suction pressure regulators, and liquid |ine subcool ers.

e. Verify proper operation of heat tracing on condensate drains.

2. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has nmet the performance
requirenents in this section of the specifications.

Si gnature and Date

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing , Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contractor's Oficer's Representative

Usi ng Agency's Representative
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

APPENDI X B
FUNCTI ONAL PERFORVANCE TESTS CHECKLI STS

| CE MAKI NG SYSTEM
For lce Maker: 1M1

1. Functional Performance Test: Contractor shall denonstrate operation of
the ice making system as per specifications and the foll ow ng:

a. Perform operational test to verify proper operation of the ice maker.
I nspect and nonitor refrigeration systemfor proper operation. |nspect
quality of the ice manufactured.

b. Check for proper operation of the bagger and ice bin
agitator.

C. Check for proper operation of the coin operated dispensing
operation.

d. Check for proper operation of all safeties and energency
shut downs.

2. Certification: W the undersigned have w tnessed the above functi onal
performance tests and certify that the itemtested has nmet the performance
requirenents in this section of the specifications.

Signature and Date

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing , Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contractor's Oficer's Representative

Usi ng Agency's Representative
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

APPENDI X B
FUNCTI ONAL PERFORVANCE TESTS CHECKLI STS

Al R COOLED CONDENSERS
For Air Cool ed Condenser: ACC-1 and ACC 2

1. Functional Performance Test: Contractor shall performa Functiona
Performance Test of each air cool ed condenser s per specification
and the foll ow ng:

a. Activate air cool ed condenser fan start using control system
conmand.
b. After its correspondi ng conpressor rack or air conditioner starts up

control system should cycle fan notors to mai ntain proper hot gas
di scharge tenperatures. (Observe and record functioning of head
pressure cycling controls under varying

| oads.

C. Verify interlock with conpressor rack or air conditioner, condenser fans
shoul d operate concurrently when conpressor rack or air conditioner is
ener gi zed.

2. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has nmet the performance
requirenents in this section of the specifications.

Si gnature and Date

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing , Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contractor's Oficer's Representative

Usi ng Agency's Representative
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

APPENDI X B
FUNCTI ONAL PERFORVANCE TESTS CHECKLI STS

REFRI GERATI ON ALARM MONI TORI NG AND LOW OXYGEN SENSOR
For : Refri gerant Monitoring System

1. Functional Performance Test: Contractor shall verify operation of the
controls systemas per specification an the follow ng:

a. Tenperature sensing elenment: Verify tenperature sensing elenents are
| ocated per plans, securely nounted where indicated with protective
cover. Furnish calibrated digital thernonmeter -46 to +41 deg C
+ 0.5 deg. C accuracy to verify reporting tenperature of
each sensing elenent. At each sensing el ement conpare tenperature
sensed vs. actual tenmperature. Query each sensing element fromloca
control panel and CRT; allowable variance is 0.5 deg F fromdigita
t her monet er.

b. Fol | ow procedure described in itema) above for all tenperature sensing
devi ces.

C. Simul ate power failure to test operation of power failure
rel ays.

d. Cal i brate | ow oxygen sensor in accordance with the manufacturer=s

i nstructions.

2. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has nmet the performance
requirenents in this section of the specifications.

Si gnature and Date

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing , Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contractor's Oficer's Representative

Usi ng Agency's Representative
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846

APPENDI X B
FUNCTI ONAL PERFORMANCE TESTS CHECKLI STS
HYDRONI C UNDERFLOOR WARM NG SYSTEM
For Hydronic System Underfl oor Warmi ng System P-1, P-2, AHU-1, EHH 1

1. Functional Performance Test: Contractor shall performa Functiona
Performance Test of the system as per specification and the foll ow ng:

a. Activate and test punps one at a tinme, Start using control system
conmand.
b. Verify pressure drop across strainer, verify strainer is clean

Verify punmp inlet/outlet pressure reading, conpare to Test and Bal ance
Report, punp design conditions, and punp nmanufacturer=s perfornmance
data. Operate punp at shut-off, 50% and 100%flow. Plot test

readi ngs on punp curve. Verify specified flowis obtained. Verify
operation of pressure relief.

C. Verify notor anperage each phase and vol t age phase to phase and phase to
gr ound.

d. Check and report unusual vibration, noise, etc.

e. Activate hydronic air handler. Verify proper operation of mxing valve,

fan, and fan notor.

f. Shut down hydronic air handl er and activate hydronic heater. Verify
proper operation of mxing valve and pressure
relief.

g. After testing of all equipnent is conplete, coordinate final testing of

the systemwi th the refrigeration systens for the freezer spaces
operational. Check all equi pnent and controls for proper operation
under actual | oad.

2. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has nmet the performance
requirenents in this section of the specifications.

Signature and Date

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing , Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contractor's Oficer's Representative

Usi ng Agency's Representative
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COLD STORAGE FACILITY, KWAJALEIN ATOLL, MARSHALL | SLANDS PN50846
APPENDI X B
FUNCTI ONAL PERFORVANCE TESTS CHECKLI STS

FUNCTI ONAL PERFORMANCE TEST CHECKLI ST - AIR CONDI TI ONI NG UNI TS
For Air Conditioning Units: ACU-1 and ACU- 2

1. Functional Performance Test: Contractor shall verify operation of the
air conditioning units as per specification including the foll ow ng:

a. Conpressor(s) cycle to maintain design room
t enper at ur es.

b. ON dual circuited unit. Verify conpressor and control valves sequence
to |l oad and unl oad the conpressors under varying | oad
condi tions.

C. Verify unit shut down during fire event initiated by snoke
det ectors.
d. Verify air flow balance, outside air/return air flow

condi tions.

2. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has nmet the performance
requirenents in this section of the specifications.

Si gnature and Date

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing , Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contractor's Oficer's Representative

Usi ng Agency's Representative

-- BEnd of Section --
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